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® sequence derived from Candida in Saccharomyces. Also provided are ' "TtJ;^^^ and 
Cof r C«idlda DNA seqTS^ « Saccharomyces nost microorBam«n transfomuKl by the ONA sequences, and 
lUa racombinant ptasmid useful for performing such transformation. 
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RECOMBINANT SACCHAR0MYCE8 



Thij Irtwntion is rrtaled gwnerally to clonlnQ «ml •xpreaston o» DNA taqiMoeas from Candida fai 
Saccharomyoes. Mora particularly, ttta Invention relates to the expression of Camflda gone sequences In 
Sacchanmyces cells to complement Saccharomycea host cefl function and to the expreaalon and ••creUon 
o< heterologous genes under the control ot (Sandida promolerWgnal sequencM In Sacchanx^fces 
This Invention also relates to a vaccine against whooping cough which comprises a Sweated ^ Pgtows 
8t subunit protein exprwsod and secreted In a Sacctiaromycea ceB under the control of Candida 
promoter/signal sequences. 



Summary of tfie invention 



One aspect of this invention is a transformed host microorganism of the genus Saecharomycas which 



comprises a functional Ot>4A sequence derived from a variety of Canada 8p«:ie^ ^ 

Another aspect of this invention Is a recombinant plasmid comprising a replicator region and 



a 



functional ONA sequence derived from Candida . ^^.^ 

This invention also provides a promotiTsequence and a yeast secretary signal sequence denved from 
the C albicans glucoamylasegene for use In expression systems In yeast. 

TtiiTSrattSr aspect of this invention provides a recombinant plasmid comprising a yeast promoter, the 
signal sequence from the C. albicans glucoamylase gene and a heterologous structural gene, capable upon 

transformaUon and expresSoTTir^aahwomyces of producing a hybrid fused gene product. 

This Invention also relates to a method of expressing a functional DNA sequence derived from Candto 
which compri'ses transforming a host microorganism of the genus Saecharomyces wim the fungio^ DNA 
sequence, and culturing the transformed host under suitable condioons such that the functional ONA 

'"^"YM'lTOiw'Mpict of this invention Is a method of charaaeriiing a DNA sequence derfved from 
Candida by its function which comprises (a) transfomiing a host microorganism of the 5^ 
5S?5Sryces with the DNA sequence, wherein said host microorganism lacta a known function, w that ttje 
Candida ON A can complement the host microorganism; and (b) assaying for presence of the function in the 

translonned host miaoorganism. c.~*.«^«««^« 

This invention also relates to a method of producing a heterologous polypeptide In SaccharernyMS 
which comprises culturing a transfomied host microorganism of the genus Saccharornycesin ^^tebte 
culturing media wherein said host microorganism comprises a promoter and/or signal nuance derived 
from Candida fused, directly or Indirectly. In phase and Ih proper orientationto » ^•^^^^ ^^'"^ 
gene ^I^IHhwdes for the polypeptide. Where the signal sequence is used in the method, the polypeptide Is 

expressed and secreted Irom the yeast coll host 

Thus a further aspect of this invention Includes heterologous polypeptides or fragments thereof 
secreted "from Saccharomyces host cells according to this Invention. Among these secreted polypeptides is 
a recombinant HlV-l glycoprotein gpl60 unprocessed into Its gpl20 and gp41 componenU. 

The present Invention also relates to a vaccine fox stimulating protection •B«'Wt wtioophig owgh. 
wherein such vaccine comprises an Immunoprotectlve and ^, 
vaccine may comprise such protein alone or In conjunction with other antigens andAxadfrrvants. In ad^ 
the present Invention also provides a method for Inoculating a human against wtwopmg cough which 
comprises administering the vaccine of this Invention to such human. 

Brief Description of the Drawings 

Rg. 1 presents the nucleotide eequence of the promoter and signal eequeiKe of C. •'bteana 

glucoamylase gene. 

Ro. 2 depicts the expression vector employed In Example 10. . ^ 

Rg. 3 presents the nucleotide and amino acid sequence of the signal sequence of C. albicans 

glucoamylase^Q^er^^^ the nucleotide and amino add sequence ol the synthetic Bnkar employed In Example 
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^ ^ FJg. 5 presents the ONA and amino add aequence of TQF^. 

Detaited Description of the Invention 

The itansfonned host mteroorganism of the subject Invention to wy "f^^ ^ 
H«r«ivSfrtto which a functional ONA sequence derived from Candfala has been Introduced. ^ 

tna sfMcies'rnost l^uentty empJoyod for recombinant ONA pwposea. . 

•ny tpMias of «!• gwu. Candid* JnckKflng spedas. C«ndkto fflcw. C«»^ JE^^- 

nrtt»Sibi55-invention since it K derived from the o-nu. member most „ 
By thrterm "functional DNA «.quence- ie meant w.ytfw'.te reflto" f fj!S^^': 
WlreJuy from Candida whkrf, functk)n« In 

a «5S3T5qu«nce or a reflulatSFJ^lon. By -eomptote O^I^ZT^^.TJ^TbI 
J^ral gene «hJ the promoter and regulatory region, required for rts J^J?™^;^^ 
wirter- it meant any region upstream of a Unrttural gene which perm.te binding of ^P^^^ 
JJJ^S^ptioTtroccur. By 'regulatory region" is meant any region which regulates transcription of the 
SJeTSu^al^e- ilaZi a »ding sequence for a polypeptide which serves to be the tempUue 
£ ie iynSii^of J!rna. By •*gnal sequence" is meant a region upstre-n of . rtructural gene which 
targets the struction gene to the secretion pathway of the host -«ta«hi« a 

^The recombinant plaamid of the subject Invention also oompnses ^ I'^^'^'T^'^*^^ 
Saccharomyces or Candida replicator region. By "replicator region" is meant «.y 0^9^*' ^ 
derived direcUy or-TOiFiStly l^m yeast, such as !S£!2J22XS?i J' 

maintain, extrachromosomally. a functional ONA sequence denved f^SST^l^ J" «^ h«rt |^ 
Slmy^es miooocgemsm. Prticularly preferred plasmids are mo^ «f';",P"!^a /.Sg^^Sl 

» feschericW. con shuttle vector such as the one described by Broa* et al. 

Ss5^of-;;Sctors which can be used in this Invention by cloning ^ere-n a fi^onj JJ^"^ 
derived from Candida are the following plasmids which are publicly avariable. • A-'j^.^ 'S^rfSToS? 
cTtture CoHecSSHTRockville. Maryland. U.S.^ (ATCC '^^^^T^^J" ^l^'V^/S^isf^ 
dBTI-7 (37088) pBTI-9 (37089). pBTHO (37090). pLC544 ^7013). pRB3 (37059). pf«4 ^JOSS). pRB5 

« flTOsVoRM (37109) PRM 37057). pRBlO (37056). pRBiB (37092). pRBZO (37054). pRB21 (37055) 
?^22 (S. PR^^ (37061; pRVl4Vo63i. pRBIS (37062). pRBIB (37060). pRB19 (37064). YEp2 

^^^S'SSL^rA^Xr^be ^.pared by .no^ iechnlques «^ « *e - de'^^^^V 
RlgsbTeTar-Molec, Cell, BioK. 2:853-862 (1982). The isolated C*nM» ONA can then be further 

40 fragmented by treatment with one or more restriction enzymes. . , c^h-nrhiii 

A recombinant plasmid containing a functional Candida ONA sequence and contaIn.ng an &chench.a 
col. «pbS^? S.?can be used to Lstorm EsdJe^coD to «T,p.Hy ^ piasmkl. Su.* J««^ormaton 
Sa amplincation be accomplished by known techniques. The recombmant pla«n.d is then retneved 

^ '^TFeS,^v::^mt;rpU^^ 

the oenus Saccharwnyces. Such transformation can be accompBshtd by the nndom ^^^Jj^"" 
jThaTStas^m^ments Into covalently closed d««l.r yeast ptemld, «id (JTW^^? 
SJiraJasts therewith, such as by the method describe) by «^™»« 

7sT929.l933 (1978): Or (b) by using the lithium acetate or BtWum chloride m«3^ ^'^^'^^^ 
« ^ Tde^rKy »to et I. J Bacteriol- 153:163(1983). DMA JJom C-jdid. ojn^ ^iT^^^^ 
bTa^^-romj^microorganTsr;^ 

SiifSrcZT^integrated into the host SaccKymyces ml«oorgan.sm-» ^^^.^^ 
g^binafion or can remain «*«*romosomal. Thus, yet 
of. host Saoch«txnyces organism directly with CandWa ONA «*'^:«P^'y- 
«5 Ich are homolog us to a contiguous w^quencTTR^e hort-s chromosoml DNA thereby pemUttiN, 

fBComblnatlon w«h the hosfs chromosomal DNA. ^ ^ ^ ^ ^ „rf,u.rt in^antion 

Promoter regions and signal sequences derived from Candida by the P^«jf the ~W»«J"^'«^ 
can be used to express coding sequences from Candida.^5Stefomyces or other organisms, vinjses or 
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calls in tha transformed Saccharomyces host Such pcomotan and/dr aiQnal aaquances can bo fu$«J to a 
heiarolOQous structural Qene. such as sequoncas coding for insuDn. imerfafon. growth hormone bactenal 
and viral proteins, etc.. directly by fusing aJI or a portion of the promoter'a and/or aignaJ s«iuence's natural 
nucleotide aequence to the coding sequence for the desired polypeptide, thereby producing a hybrid gene. 
For example, one such promoter ltd signal region is derived from C. albicarw gtucoamylase gene. This 
functional 01^ sequence when inserted In a plasmid and fused to a heterotogous structural gene enaWes 
the expression and secretion of a hybrid fusion protein. An altemathrt expre^onsystem employs another 
yeast promoter and the C. albicans glucoamylase gene signal sequence for expression and secratlon ol a 
desked fusion gene, wffwn ^accftaromyces host micnwrganisms, wNch have been fransfbrmed by a 
plasmid oont^r^ such hybrid gene, are aSured In suHabte culturfng media they produce the polypeptide. 
Under control of the appropriate promoter and signal sequence, the polypeptide may be secreted Into the 

cutture medium, »^ 

In addition to those Candida promoters (flsciosed herein, additional promoters can be dhcovored bv 
cloning rafxtom ftagmentTrt ^dida DMA in Sacchafomycea plasmlds designed lor promoter selection. 
Such plasmlds can be desigrwd by known techniques such as the one described by Casadaban et al.. 
Methods m Enzymology . 100: 293-308(1 983). ^ ^, . , 

SmKtu ral genes der ii^idfrom Candida can be expressed in Saccharomyces from their natural Candida 

promoters from heterologous promoters derived from Candida or Saccharomyces . or from other functionaJ 
heterologous promoters which are derived from other organisms or produced from synthetic 
ongonudeotides and which function in Saccharomyces . Similarly, structural genes of non-Candida origin 
may be expressed from a variety of pnjmoters Including the glucoamylase gens promoter with its signal 

Man! known Sac charomyces mutantt are defective in defined functions, such as a specific step In 
leucine or histidine biosynthesis. This function could be supplied If such mutants were transfortned with 
ONA sequences derived from Candida which contain genes coding for such functions. Where the function 
to be characterized is not already defective In an available Saccharomyces strain, such mutations can be 
induced by known techniques, such as by ultraviolet radiation, chemical mutagenesis, or genetic manipula- 
lion In some cases the function displayed by the transformed host microorganism will be one which Is 
naturally not present In S accharomyces . For example, a host Saccharomyces Qerevislae microorganism can 
be transformed by a functional DNA sequence according to the method of this invention lo display functions 
H does not naturally possess such as sorbitol utilization, maltose utilization by isomaKase catalyzed 
cleavage ol «-1.6-glucosidic bonds (such as .-methyt-O-glucopyranoslde hydrolysis), soluble star* utiliza- 
tion by glucoamylase catalyzed cleavage ol a-1-4-glucosidic bonds or resistance to an anti-fungal absent 

The development of a genomic Ubrary covering, the entire genome of Candida enables the char- 
acterization 01 the functions of the DNA derived from Candida . This will permit the genetics of this asexua 
pathogen to be more closely analyzed than has been possible In the past and ^J^^^^^^^^^' 
of anti<andidial agents. The preferred method of characterizing the functions of DHA denved from Cm^ 
albicans in Sac charomyces cerevisiae so that the Candida genes can be studied In the bad«ground a 
;;5ir7(5rac terized eukaryotic organism . Thus, the genetics of Candida albicans can be stud«d by "solatfon 
of genes via complementation of functions dispUyed by transformed SaCTharomyces cerevisiae. The 
abundance of available Sac charomyces cerevisiae mutant strains, together with the possttolity of setecflon 
o( additional mutants, makes it possibte to effect such complemenbBion. Therefore, it is possible to wtert 
for Cwidlda albicans genes assodated with any one of a number of functions, such « those «««^ 
with-dSi^ SSEhSSiical reactions, or those involved m cell division or cell stnicture. The availabilrty of me 
4S oenomic Bbrary and a system for the identification of the selected genes offers a new approach to resolve 
tome of 9» basic tSttannoes that make one organism economically useful and another organism a senous 

*^fng the method of this i.wentlon plasmkJs Ofrylng one or more functional C. aW^ns genes whteh 
complement a Saccharomyces mutation or confer a new charactarirtic to me Saccharomyces strain 

50 tranSmed the rewith can be i - s olated and characterized. Such functional C, al^ genes mchide a 
oene complementing the S. cerevisiae trpi mutaUon. a gene complementing the^cerevWaa hM mutoflon. 
Tgene conferring high le'Tel resistancTn the antl-fungal absent bwwmyl. • Qtm aUowing lor growth on 
sorbitol a gene altowing for growth on isomaJtsse. « gene allowing for growth on soluble starch (I*., a 
olucoaiiiylase gene), and a gene encoding the enzyme galactoWnase which complements a S. cerevfslae 

St gall mutation. Such genes are useful as maricers for isolating Saccharomyces hosts successfully trans- 
Wmed with plasmlds containing such genes. Each of the promoters ol the C. albicans sorbitol. Isomaltase 
and soluble starch utilization genes is also useful as a regulatable promoter for a Sacdwomyces 
microorganism transformed with a plasmid containing such a promoter. Plasmids containing C. albicans 
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lunctonal ONA ««»uwces «re useful for p«)duetion In 8a^^ 

as Dhsrmacsuticsls. vscdnsl snliQans and hoemonas. uiu < 

ASTacttwJlngto.ntathodofmUl^ S^;V^f^S 
OfycopStTttPieO). a B. pertussis toxin subuntt (Si), Transfonnino 

and the stonal a^juence of the C. albicans glucoamytasa gene, wssmlds w**"^* J^^SJ^ 
;SL«LTilS»«yl.se algnalleqlSocnnd the ^^'^^^'^ 
rartected Saccheromyoes yeast cea A 
iCSde^SSed and se«tSdl^ 

S5Sm <!!*e^Kru, t>e oreally «mp«M «.d allow port^ranslaflonal modme«lona of the pcotrtn. 

exotoxin of 8. pertussis wt^ld. plays a major role h the Pathogenesis of whoying oo^ 
be the makxifeB;;"antlgen of B. pertussis. [See. AX Weiss et aU Arou Rev. l^iiSi:'^^ ^^J- 
?eiir£n U?h««meric proSTnfeSed of five 

to Sef decMsing molecular weights. [See. M. T«tu« et al^ Btochem. . 21«18 0«««-Pr^ 
iuSu^WZe modeim ^ the 8K)Hgomer (sut53nI5 SHSSSgh^ •« '•«>«2f* ** J* "^S 
rSlTtoin to Its receptor In the target cell membranes, and the A^xotomer (Si subuntt) contains 

•"^SjSSe coding sequence of .he enUr. pertuni. tojn ^^J^^^lT^ "JIS; 
Keith et al United States Patent Appficatlon Serial No. (U.S.S.N.) 843.727. filed March 26. 1986. the entire 
SSosSre-if Shi hereby Inco^ated by reference. Furthermore DMA ~J-'^'2>r'li::;S JaS, 
Sng sequence may be isolated fmm any publicly available B. pertussis ^^''^^^l^^^' 
sbains of B. pertussis sre publicly available from commercial depositones. e.g.. from tt«J^«" Type 
SZi CoLfcRSclcville Maryland U.S A Such isolation may be effected by the method of K«th. et al,. 
u fi s N fi43 727 suDfa. or any other conventional method. 

•S2 ?S;ISnirvi,«on i, 'based on the the discovery that Sl^A protjn "f"^^ 
protective immunogenic response. Thus, the present invention »lates Si-QA pjotm S1^ P^*"" 
coding sequence, a vaccine for stimulating protection against whooping ^oufl^ wherein «^ v««a^ 
SmSses an Imr^unoprotective and non-loxic amount of Sl-GA protein. Such vaccine may oxnpnse such 
SSeKo^oTrS-nction with other «,«gens and^or adiuvants. In «ldi;on. ^J'^*'^^;^;;;^^ 
provides a method for Inoculating a human against whooping cough which comprises admimstering the 
vaccine of this invention to such human. , c^^a ^«,toif, »rf,irh win 

By the term Immunoprotectivo amount' as used herein is meant an amount of S1-GA PWteIn wh^ 
elicit a sufficient protective immune response against pertussis after such amount of such protein .s 

•"Tt^iS^'^s'l^^ iVr^ln- IS me«,t a soluble fom. of the pertussis toxin (PT) Si subunH protein which 
ha, STel;" Jed by 'a host Saccharomyces cel. transfom^ed by ^'TTJ^' ^Z'SZLSTZ 
ing 186 «rlno acids of the SI subunit coding sequence (amino adds 2 to 187 «' ^^^r-l^the 
« mature SI protein) fused, in phase, to (a) the Candida alWcans glucoamyla*»sjgnJ 

Nuance or (b) somewhere within the Candida glucoamyiase gene provided that «^ch ge,^ 

S^Hs «-onal peptide coding region.lSdlFyraSSal mutant or derivaMvMhereof. 
^^d glne and S exp«uion under the lacZ tran^^ptlonal and tr«,.lational ««tn9^ «> plasmW pT^l l 
TdwlS^n Ml in Ucht et al,. Infect, Inumin.. K. 98M67 (1987). the entire disctoaur. of which is 

" rSrir;r^ and denv-ve. . mean. a„y pn^ TThoS^cT eTa'Sa: 

^•iJ«i^« ^ th« fii^A ofotein codino iwuenca which, upon expression in a host cefl. e^.. a sac^ 
Snllsu^r.'^'.n'Sich ret-n. the bWogic^ acBvfty of the SV^A projej. e^ 
SSlkTan d a protective Immunogenic response against pertussis. Production 
„ SSs^withKmuth^sWBoftheartSuchfun^ 

Mouenee Include chemically modified fom»s thereof. e.g. glycosylated and alkylated ^V^^*™« 
SSSSLrS. aSl bioical actMty aa S1^ ':^Z^X^ a 

w^M* or more amino adds have been rearranged, added, deleted or subatltuted or In wWd> a 
pS^pSJ^Ieen fu.«l or con,uga.«l thereto. Thua. by the -on m«J«U «jd 

« dSSs of meSl-QA protein coding .«»«nce' Is meant «,y coding sequ««6. «J* a. *J^^^ 
SI^A protein coding sequence to another protein's coding sequence, u well aa a Sl^A protein codng 
S^nS^sn^LgTubstltutions. deletions or additions of amino adds, which encod« a 

suStJ^uTy^e Jame biological activity as native S1^ pnrtein. Su* hinctional mutants and 
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darivativas are conventionally prepared by one of stdn In the art emptoying. e^.. site directed mutaQenesis. 
random mutagenesis, chen>ical synthesis of nucleotide or peptide sequences, trvmcation or deletion of part 
of the coding sequence for native Sl-GA protein, cheniical modification of the at)ove or concatenation of 
more than one segment of the S1*QA protein coding sequence. Such functional mutants and derivatives of 

8 the S1-GA protein coding sequence also include chemicany n^fied fomis thereof, e^.. glycosylated and 
aOcylated forms which have substantially the same biological activity as nathn 81-QA protein. 

This invention Is also related to a recombinant DNA molecule, such as a cOf^ which contains the Sl- 
QA protein coding sequence. Such cONA can be prepared by conventional techniques such as by reverse 
transcription of mRNA isolated by conventional techniques from a cell or culture producing S1-QA protein. 

to such u by the method of Han et al.. Biochemistry . 26. 1617-1625 (1987). As a further embotfment ol the 
recombinant ONA molecule of the invention there Is provided a recombinant ONA vector comprising the 
coding sequence of this invention. This vector preferably contains the above cocfing sequence in operath/e 
association with suitable expression control sequences. By 'suitable expression control sequences* Is meant 
those sequences which regulate the transcription and translation of a structurml gene. Such expression 

fs control sequences are well kr>own in the art 

Still a further aspect of this Invention is a host cen transfonned with the vector of this Invention. Such 
host ceil is capable of growth in a culture medium and is capable of expressing the coding sequence of the 
invention. Such host cell is prepared by the method of this invention. I.e., transforming a desired host cell 
with the vector of the invention. Such transformation is accomplished by utilizing conventional transfomfia- 

90 tion techniques. Host cells which may be suitable include, but are not Hmited to, manwnafian cells insect 
cells, bacterial cells, plant cells and fungal cells. Thus, this invention is not limited to any specific host eels, 
although a Saccharomyces host cell is preferred. 

The present invention also relates to a method of producing the protein encoded by the Sl-GA coding 
sequence of this Invention which comprises cutturing the transformed host of the Invention in appropriate 

25 culture media and isolating such protein. By "appropriate culture media" is meant that media which will 
enable the transformed host to survive and which will also enable such host to express the coding 
sequence of the invention in recoverable quantity, (t will be appreciated by one of sidll in the art that the 
appropriate culture media to use will depend upon the host cell employed. The Isolation of the protein so 
produced is accompfished from a culture lysate of the host or, if appropriate, directly from the hosf s culture 

00 medium znd is carried out by conventional protein isolation techniques such as those discussed above. 

This invention also relates to a synthetic DNA molecule containing the Si-GA protein coding sequence. 
By the term 'synthetic' is meant a DNA molecule prepared by synthetic rather than recombinant techniques. 
Such techniques are well known in the art using commercially available ONA synthesizers. 

The vaccine of this invention comprises an immunoprotective and non-toxic amount of Sl-GA protein. 

05 Such vaccine preferably contains 5-25 ug of such Si-GA protein but is not limited to these amounts. 

Other antigens which are known to be desirably administered in conjunction with pertussis toxin may 
also t)e included in the vaccine of this invention. Such additional components are known to those of skill in 
the art. Preferable additional components include tetanus toxoid and^or diphtheria toxoid as well as 
filamentous haemagglutinin (FHA) and/or any other protectee antigen of B. pertussis . 

40 The provision of such a vaccine thus allows another aspect of the present invention. i.e.. a method for 
immunizing a human against pertussis which comprises administering the vaccine of the subject invention 
to such human. 

The mode of administration of the vaccine of the invention may be any suitable route which defivers an 
immunoprotective amount of the protein of the subiect invention to the host However, the vaccine Is 

45 preferably administered parenterally via the intramuscular or deep sut>cutaneous routes. Other modes of 
administration may also be emptoyed, wt>ere desired, such as oral administration or via other parenteral 
routes, i.e.. intradermally. intranasally. or intravenously. 

The vacdne of the Invention may be prepared bs a pharmaceutical composition containing an 
Immunoprotective end non-toxic amount of SI-GA protein in a nontoxic and sterile pharmaceutically 

50 acceptable carrier. Where the administration of the vaccine Is parenterally. the protein comprised by the 
vaccine can be optionally admixed or absort)ed with any conventional adiuvant for use as a noo-spedfic 
irritant to attract or enhance an Immune r9%pon$e. Such adjuvants lr«lude, among others, aluminum 
hydroxide, aluminum phosphate, muramyl dipeptide and saponins, such as Quit A. As a further exemplary 
alternative of the preparation of the vaccine of the Irwention, the protein comprised by the vaccine can be 

55 encapsulated within microparticles, such as liposomes. In yet another exemplar/ altemative of the prepara- 
tion of the vaccin of the invention, the protein comprised by the vaccine can be administered with an 
immunostimulating macromolecule. or a tetanus toxoid. Alternatively, an aqueous suspension or solution 
containing the prot in of vaccine of the invention, preferably buffered at physiological pH. may be designed 
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^J2SSi that the vaedne of the invention, when «n t pham«ceoticil pfBp«f«tloa be pcesent ^urtt 

efSS^^nt of S^A protein contained In the v«xlne of tW. hv^rtion may be m the 
^LTof^ eS^ 01 MTtiQ^ in conventional B. pertu««lt «»Bular or component vKdnee. Le.. 

Sal the apSfic do«e level tor any p«tlcular patient will •'•P*)!:;?*' * ^ 

amaralhaafth and diet d the patient the tinw of adtrWatratton; the route oC admW^^ 

JS^r^ly JiTdrS being Zlnlater^l: «,d the degree of proj^ "n^Snt; 
adimniatration can be repeated at aultable Intervals H neceaaary. Preferably, three dMM win be admin- 
SSJ^Ta ^2 monS. ln,en«l. between dose. *'Jr«P««^rfS,i^^ 1- 
bTtfwi followlna examples apedfic embodiments of the Invention are more ftiOy diactoaed. »«mp»« ^ 
7 i^^!^1^^^^<i^ «•"•« m Seccharomyces to complement the fl.ncttors 

^>mi «cBffl««i on of a Candida gene In Saccharomyces . Examples 10-13 Wustrate the oae or a oanojM 
S^aS^ a. pi§^«Jre,,lon TSTSSB^^ tor other noo^ ^''^Z S 
SSTm^ . Exi^les 13 and 14 relate to the vaccine of 
to be illustrative of the subject invention and should not be construed as Smiting its scope. 

EXAMPLE 1 ■ ISOLATION OF ONA FROM C. ALBICANS 



3« 
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25 A. Construction of the genomic library of C- albjcans 

The ONA from C albicans strain 792-1 (courtesy of J- Kwon-Chung. Nad. Inst. Health. U.SA) was 
bTie^o^^uFTdiiSibed by f^gsby et al.. dted above. The ONA purified by this procedure wa. 

on the average 100 Wlobase parts (kbp) in length. ^ ^ • „ ^« u^rtar YEoi3 fATCC 

A oenomte fibrary was constructed in the Saccharomvces-Eschenchia coH ahuttle vector. YEp" l^cc 
371151 descnbeXeroach et al.. dted above. Calculation of the size of the genome of a ^ibjcjn, based 
o^ie <teL oroSed by Bigsby et al.. cited above, suggests that the genome size of C. JScan, .s about 2 
wS^some e'oOO independent transformants carrying an Insert o^J^^f^";^^^ 
iZJrl genomic library with a probability of 99% that each of. the "^""^^ fj,^^!^,'^ ? 
?epresente! at least once in this library. This was calculated by *.e method disdosed byT^aSfifis et al.. 
-u^u^.iflr riAninn . A Lflboratofv Manual", Cold Spring Harbor Laboratory (1982). 

ONA w« paiaC^^^^^^ th; restricSon'endonuclease Sau3A and ^^-^'^^l^T^-^ 
tionTI a S^m suaose gradient. The fractions containing DNA fragments tn the range <^ JOJbp^ 
p^ld aroused for ligation. Plasmid YEpl3 ONA wa, deaved at the »;lque ^Hl ".to '^^^^ 
nine Phosphatise to prevent self-ligatioc. Equal concentrationa (200 ngHni 10 ttl reaction mixture) 

"%^r«rr?...iM0, 5^.133:17.207 0^^^^^ 

^SlSSred An estimate of the number of lndependerttransfom»anUwaaobtalr«l by pwng a 

" 51S;ro;"Ca« containing 50 ugM.1 oL^JJP''^"^-^"-^^ 

Inoculated Into LB broth cortaining 50 ugMM of ampJdIlin and ncubated 'r!^^^„'^Z^Z,^Z:. 
TTpSe results indicated that «Mne 16.000 Independent don«i '^^"^^J^.^^T^S,, 
Stansfom^ants whk* contained Inserts. 100 tr««fom«nts were tested fa 

«, Z to^^ane. Since the BamHI site is m the tetracycnne rejjatjjno. gene (te^ wSS 
^n plasmid, with the InsertirBNAahould be aensltive to tirt^^ 

SSUnts containing plasmlds without Inserts ^^J^ ^J^^^ 
obtained lndlcat«d that all the transformants were aeosltlve to tetracycline and '•TTV^ 
SS^ng^ « least 09% of the tr««fom»nt, were carrying plasmlds corrtainlng ln«irt»d ONA of C, 

" was prepared from the overnight LB-ampidUln culture of E. «0. either «nall acale or large acale 

by tZJi^ ol^Ianiatis et al.. dted aSove. using an aliquot of this orTgTnal culture a. Inoculum. 
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B. Expfession of C. albicans penes in S. ceravisiAe 



(1) Qenoral methodology 

fl 

To Isolate cloned ONA sequences of C. albtoans by expression in S. cefevtsiae . genettcalty defined 
hapkxd strains of S. cerevisiae were employed as hosts (or ONA mediated transfomnatton Transformation 
was performed a) by the spheroplast procedure, u described by Sherman et al^ 'Methods In Yeast 
Genetics Laboratory Manual". Cold Spring Hart>or t.aboratory (1982). or by the fithium chloride or ItMum 
10 acetate method described by Ko et al., dted above. The yeast were plated on minimal ntedium (Yeast 
nitrogen base-t>ifco. YNB) containing all necessary supplements except one. 

Transformation of a defined S. pawtalae mutant with a plasmid oorrtalnlng the wOd type allele of the 
specific mutation allows the transformed host to grow under con<fitions restrictive to the non-transfonmed 
' mutant, in the examples following, the LEU2 gene was used as the first selectable marlcer. The transformed 
fs yeast were then subcuttured onto additional types of media to select transformants that expressed other 
functions original lacking in the S. cerevisiae host strain. 

The plasmids were recovered from S. cerevisiae by making a DMA preparation of the desired 
transformant using the procedure of Sherman et al., cited above, and using this DMA to transform E coli by 
known techniques and used for further analysis. Such further study included: a) fransformation oryeast to 
JO confirm the presence of a gene confen-ing the same phenotype as found in the original transformed yeast 
ceil; b) hybridization analysis to confirm the presence of ONA of C. alt)ican8 in the hybrid plasmid; and c) 
further analysis of the C. a[t>icans ONA fragment both structurally and functionally. 

as (2) Isolation of a Candida albicans gene tinat complements the trpi mutation of S. cerevisiae . 

Spheroplasts of S. cerevisiae strain OBY746 (o. his3-1 leu2-3, Ieu2-il2, ura3-52. trph289) were 
transformed with QNA isolated from the C. albicans Iibrai7r5. cerevisiae strain 08?746 was"5Btalned from 
Yeast Genetic Slock Center. Department of Biophysics and Medical Physics. University of Cafifomla, 

M Berkeley. California; U.SA The cells were plated on minimal medium (Difco YNB) containing all required 
supplements except leucine. The Uansformed yeast cells expressed the plasmid encoded LEU2 gene. The 
Leu* cells were harvested from these plates and plated onto minitnal medium tacking both leucine and 
tryptophan. Of the 500 transformants examined, two grew on these plates. 

To test whether the growth of these two transformants on medium lacking leucine and tryptophan was 

35 due to the presence of a C. albicans ONA insert, rather than due to the reversion of the frpi mutatkx), the 
transformants were grown in non-selective yeast extract peptone dextrose (YEPO) medium for 10 genera- 
tions, and then plated on minimal medium containing all supplements. The colonies were then replica plated 
onto minimal medium lacking only tryptophan or only leucine. 

In all cases, cotonies arising from ceils that had tost the plasmid i.e.. were Lou. also required tryptophan 

40 indicating co-segregation of the LEU2 and TRPI alleles. 

Plasmids were recovered from the two transformed isolates by transformation of E coli HB101 with 
small yeast ONA -preparations, prepared by the method of Sherman et al., cited above, selecting for 
ampidllin resistant transformants. The transformed E. cofi cells were tetracycUne sensftive. Indicating that 
the plasmid contained an insert In the tet* gene. The two plasmids were designated pAR84-i artd pAR8i-2. 

45 Plasmid ONA of each was prepared by the method of Maniatis et al.. dted above, and used to 
transform S. cerevisiae strain OBY746. The selection of the transformed cells were pertomrwjd on medium 
devoid of leucine but containing the supplenrwits Wstidine. tryptophan and iffadl. The Leu transformed 
cells were tested for prototrophy for tryptophan. Between 88 to 100% of the transiormants expressed the 
unselected marker TRP* confirming that both pARSi-l and pAR82-2 contained a o«ne complementing the 

50 S. cerevisiae trpl mutation and Indicating that a functional ONA sequence derived from Candida can be 
expressed in Saccharomyces. 



P"rther Characterization of the Plasmids 

To test for specific hybridization of the ONA Insert in the recombinant plasmkJs to genomic ONA of C. 
albicans. DNA from non-transformed and transformed S. cerevisiae strain OBY746 wu isolated according to 
the procedure described by Sherman et al.. cited above, for small scale preparations. The ONA of E. coli 
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with or wHheut p««mld. was «bo prepared by the me*od of **>^'^- DMA of C 

V» ONA samples «re digested with the restriction enzymes Jtodlll Bgm (Xoested DMA o^ C. 
strain 792-1. S. c^evisiae strain OBY746. plasmW VEpirmd ptonW •too- 
sSsed on agaroseTe lk. and tran sferred to a nitrocellulose Ulter by the procedure of Soi^"'- ^ "S! 
SS9Sra-Tl7 (S The filter was then hybridized sequentieHy. first with «P iabelM YEp13 DNA to 
iS'S^Si vLct^used hybridized lo the flenomic ONA of C Jbteans. «d "^ond. w«, «P iabell^J 
oARM-2 DNA to deterinine whether the new plasinid hybridized to the getioitU^ 

The nitrocellulose fUtera were prehybffcfized for 3 hra. at 65 C w«h a solutioo cortaliBho 8 x SSC and 3 
X Oenhaidt (1 x Oattaidt is OJ02% FIcrt 400. Oj02% polyvlnylpyrrolidww 360 and 0112% bovtae serum 
albumirt eccoidbio to *e method of ManiaBs at aL efted abo««. Hybridization solution was the 
the «P labelled DNA probe prepared by nldc translation accordlno to the method of Manlatis et al„ dted 
above, was added. Hybridization was performed tor tS hours st es'C. After hybridization the fOtofs were 
washed with 2 x SSC at 65* C. The filters were then exposed to X-ay film. 

YEp13 ONA hybridized only to the genomic DNA of 8. cerevlriae . whereas pAR84-2 ONA also 
hybridized to the oenomic ONA of C. albicans . The hybridizafiat of pAfW-2 to the S. cerevWae penomic 
oSus due to the S. cerevtsiae LE05 QSri^ Is a part of the plasmid. The hybridlzatten to C. albicans is 
due to homology oftandida inse"rrw!tti genomic sequences of Candida. 

The size of th e Inserts in each plasmid was estimated by electrophoresis of restriction digests on 
agarose gels. pAR84-1 contains a 15 kbp fragment of C. albicans ONA. while pAR84-2 corrtalns a 10.4 l*p 

the same methodology as that Used tor the isolation of a C. ateieans ONA fragment that 
complements the S. cerevisiae ttpl mutetlon. plasmids carrying other functional C. albicans genes have 
been isolated and characterUed as described in the following Examples 2-7. 

EXAMPl^ 2 - COMPLEMENTATION OF THE S. CEREVISIAE Ns3 GENE WITH C. ALBICANS DNA 

The his3 of S. cerevisiae encodes imidazologlycerol phosphate dehydrogenase. The isolafion of a a 
albicans "SiSe thit complements the his3 mutation of S. cerevisiae was canied out according to the 
30 p?55^re Of Example 1. The Leu* yiiTt Transformants were plated on medium lacking leuane and 
histidine. Colonies whfch arose were selected. . 

Plasmids containino a C. albicans gene that complements the his3 mutation of S. cerevisiae were 
recovered from the selectedToiSSiSTdescribed above, by transfom^atlon of E. coH HBIOl ac«rdmg to the 
method of Example 1. Plasmid ONA was isolated from the E. coli translormants according to the method of 
35 Example 1. and was designated pAR84-3. ^ . 

Plasmid PAR84-3. containing the C. albicans gene that complements the hi^ mutation of S. cerevisiae 

was transformed into S. cerevisiae strain DBy746 according to the procedure oTlkampie 1. 

Host S. cerevislarmicroorganisms were transformed with plasmid pAR84-3 and selected accordmg to 
the methdSs described above. These microorganisms were then tested tor expression of the hl83 gene. 
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EXAMPLE 3 • EXPRESSION OF THE C. ALBICANS BENOMYL RESISTANCE GENE IN S, CEREVISIAE 

The C. albicans benomyl teslstance gene confers Wgh level resistance to the witHungal agent benomyl 
46 (methyl TWIc5tamoyl>.2*enzimWazole<art»mato). Strains of C. ^i^^^^JH!^ J^H^^ 
nomyt than S. cerevisiae. This gene thus confers a new characteristlTte a transformed 8. cerevisiae strain. 

" ^^IStoolation of the C. albicans benomyl resistance gene was carried out according to the proc^^ 
Examole 1 except thatT"SeS;^ae strain JWQ2-2C («. leu2-3. Ieu2.112) was emptoyed as the hort. | 

« SraesJ^S^-S^JSTd^ved from, cross of 

SIS.11). with 6. cerevisiae «r«n YM146 (.. ortl ^tsT^. ^^-SZ. JoT|; ^ 

^^obtiined ffS-m-jSSTR. Broach. S.U.N.1?rStonybrook. New^ 

YM148 was obtained from Mari< Johnson. Washington State Unhwslty. Pullman. Wash&Qton. 

Uu* transfomxxJ cells were plated on mimlmal medium (Ditoo YNB) contaWng fij^VAvi «Pj«r»J' 

u except leucine, and also containing benomyl (50) ugAnD- Sevwri benomyl 

Plasmids containing C. albicans gene that codes for an enzynw contomng *»«wmyl i^»ttnce were 
recov^d according to the p««dure of Example 1. Ptasmid DNA was Isolated 'rL!"^'*"S L¥ 
transfomiants according to the small scale method cf Sherman et al.. cited above. The a«e of the^^. 
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•lbican$ii»wtlntherecover«dplasmidswM »8tim«tedby«gttoM00l«l^^ . ^ u. c n 

The olaamid DNA containing the C. albicans benomyl resistanca o«» *»*» '•o'^ from th« & «H 

lransfonT«f^. and used to transfom, ST"^^ itrain JWQM 1 0 (.. his3. tr^289. teu2-3. Ieu2-1 <S. gall 
^152) acconfing to the procedure of Ikample 1. S. cefviiiae ftrain JW52-1lD was BSWed by the same 

method as S. cer evisiae strain JWQ2-2C. 

Host S^ew wiiiir mteroofoanlsms. Hinslomoed «*h a pJasmld containing the C. Ibwans benomyl 
resistanceliane according to the method descfibed above, we setoded as desciibed above. The 
DTMencs of ptemW In the Iransfomied hosts was eonflnned accorting to the method of Example 1 by 
piBlIng on medium eontaminB benomyt Tlwee Independent Isolates, designated pCAb«>l7. pCAben3 and 
pCAbenlS. were further anaiyied by festrlctlon mapping, and all were found to contain an Identical 6.8 
Ulcbase pair (kbp) DMA fragment from C. albicans . 

EXAMPLE 4 . EXPRESSION OF THE C. AUICANS SORBITOL UTIUZATION GENE IN 8. CEREVISIAE 

The C aWcans sorbitol utilization gene allows for growth on the carbon source sorbitol. Strains of C. 
albicans "aiTgrmron sorbitol but S. cerevisiae and other spedes of Saccharomyces cannot utOze this 
IGSSTThis gene thus confers a new characteristic to the transforrned S. ce^JI^ 

The Isolation of the C. albicans sorbitol utilizstion gene was carried out according^ to the procedure of 
Example 1 except that r cerevisiae strain JWG2-2C was employed as the host. Leu transformants were 
plated on Jnlnlmai mediTITn (bilco YNB) containing all required supplements except leucine and glucose, 
and also conttfning 2% sortjitol. 

Plasmids containing a C. albicans gene that codes lor an enzyme confening sorbitol utilization ability 
were recovered according tFthTpFSSdure for Example 1. Plasmid DNA was Isolated from Individual E con 
transformants acconJing to the small scale method of Sherman et ai.. cited above, and the size of the C. 
albicans insert of the recovered plasmids was estimated by agarose gel electrophoresis. 

Ptumid DNA containing the C. albicans sorbitol utilization gene was isolated from the E. WB 

transformants described above, anrused to transform S. cerevisiae strain JWQ2-1tO accorting to the 

'^*Ho«'c^s'of''s cer evisiae transformed with a plasmid containing the C. albicans sorbitol utilization gene 
were selected as'desaibed above. The presence of the plasmid in the transformed hosts was confirmed 
acaxdina to the method of Example 1. DNA of two independent Isolates, designated pCAsort and 
pCAso<« were further analyzed by restriction mapping. pCAsor2 was found to contain a 4.5 kbp DMA Insert 
from C. albicans , while pCAsorfl was found to contain a 4.8 kbp DNA insert from C. albicans which showed 
little homology to the pCAsor2 C. albicans DNA insert. 
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EXAMPLE 5 • EXPRESSION OP THE C. ALBICANS GALACTOKINASE GENE IN S. CEREVISIAE 

The isolation of the C. albicans galactoWnase gene, which complements a S. cerevisiae gall mutation, 
was carried out according" to the procedure of Example 1. except that S. cerevisiae strain JWQ2-110 was 
employed as the host. Leu* transformanu were plated on minimal media (Difco YNB) containing all 
required aupplements except leucine and glucose, and also containing 2% galactose. _^ . - 

Ptasmids containing the C. atoicans gene that codes for galactokinaae were recover*! In E. eon 
according to the procedure fdTEwSpiri. PlasmW DNA was isolated from IntfvWual E. col tranafonnanta 
according to the method of Example 1 . 

The plasmid DNA containing the C. albicans galactoWnase gens was Isolated from the E. «n 
transformants as described above and used to transform S. cerevisiae strain JWQ2-11D accorting to the 

meth^of^EMmple ^^^^^.^^^ iransfom»ed with a plasmid containing the C. albicans galactoWnase 
oene wer7 selected as described above, and the presence of the plasmid In the transfonned host was 
^firmed accorting to the method of Example 1. Two Independent laotetes. designated as pCAgalU and 
pCAgalW were further analyzed by restriction mapping which rmeaM that the 7 kbp C. abtew DNA 
insert in pCAgalU is Wentical to the internal portion of the 13 kbp Insert in pCAgalM. 

The presence of a C. albicans DNA sequence encoding galactoldnase In the S. ^revislae transformants 
was further dam nstrated by measuring the level ol galactoldnase In strain JW62-11D with or without 
plasmid pCAoall-4; Enzyme activity measured by the method of Butt et al.. PNAS-USA. 81. 3332 3338 
(1984). was only detected in galactose induced cultures containing pCAgalM. 
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^ «, A. c albicans aatoctoklnase cent w«a demorwtrated to be posWvrty idlvatod by tha 

C «lblc«>» wquaoca In pCAptlM contains . gaJactose r^vlatod promoter which » ««pon«ve to S. 
cerevlsiae regutototy pratsins. 

EXMPiE 6 • EXPRESSION OF THE C. ALBICANS ISQMALTASE OENE IN S. CEREVgjAE 

XhB enzvme UomaKase cleaves .-l-e^locosldlc bends, and enables mlc««gahJsma •'»«f«»nfl« ^ 
fl J^35r2S« Icnown as .HShyl.CH)tucopyr«noslde (e.fl. I^xnalt...). Strain. o« C, jWon* 
S^L^ «^ 55?JiSite but most strains o( S. cerevlsiae cannot naturally utito tNs sugar. TW. enryme 
Z K SLSlT^^pSlsT^Sjasn;^^ C, Jlbjcsn, gene whteh codes for .«,mal.«se 

cofifare A n*w characteristic to tha tranaformad s. cerevWae host 

^ IsSol^ C. albicans isomaltase gS^f^^nSried out according to ^ f"^^^^^ 
, iW ?«,sfom«nt» werT» on minimal media (Difco YNB) contaimng all required «,pplements 

exceot leucine, and also containing 2% a-melhyl-O-olucopyranoside. 

pilT^^nlng the C. albicans gene that codes for Isomaltas. were recovered «xor*ng to 
proiS^ o! simple 1. PlaiS>iToriA v,as Isolated from Individual E. coli transfomuuits according to the 

""•^iSlla^rSrlA containing the C. jlbicans i«,malt.se gene was Isolated •'O-. 

martsdiSbed above and used to trTisTSFST cerevisiae rtrain JWG2.110 according to the method of 

"^t S. cerevlsiae mfcroorganlsms. trans.om,ed with a p.asmid containing the a ^« ''^-^ 
gene werrs-JiiStwris described above, and the presence of the plasmid In the tranafom^ed host was 
confinned according to the method of Example 1. 

EXAMPLE 7 • EXPRESSION OF THE C. ALBICANS QLUCOAMYIASE GENE IN S. CEREVISIAE 

The C albicans glucoamylase gene codes for an enryme allowing for gnjwth on soluble s^rch. Strains 
of dlb^r^ie sui soluble starch as a substrate, but S, SSS^^^^^Tj;^ "J^s 1 
c«S,n-«3?5. This enzyme, glucoamylase. has been found in other spec.es 

C. albicans gene which codes for glucoamylase (which cleaves «-l-4 glucos.dic bonds) confers a new 
Siaracteristic lo the transformed S. cerevisiae host. . ....,„ ^^i„„ ^ hm 

^ isolation of the C. albiSnTgiSSSnylase gene was carded out '^^'^^^ J^^^^^^^- 
orocedure of Example CeiiSprmat S. cerevisiae strain JWQ2-2C was employed as the host Leu 
J^ZnS ^rr'pLil on llmal mediTTO YNB) containing all requir^ '^^'I^ JS, 
STand glucose and also containing 2% soluble starch. The E, ^^'"^^^1^^ 
.ecreting me gluco^nylase since satellite colonies began to grow «li«.ntto t.^ Slf^^ltSin^ oS'w« 

Plasmids comaining the C. albicans glucoamylase gene were recovered m E. coll and pla«nld DNA wu 
1 isolated from Individual E cdTtransfomiants according to the methods e«|])P» ,««to-„«rta u 

Plasmid ONA contaiSnTth* C albicans glucoamylase gene l«)lated fwm ^SIJ'^^Z " 
desalS? above, was used to TTaSaSFSTS. cerevisiae rtrain JWQ2.110 accordmg to the method of 

S. cerevisiae microorganisms. tran,fom,ed with a plasmid «conJlng to "T]"^*^^ 
, tf«ve. we™lii55Sd-as described above. The presence of th^'««"'J ^ Z^^^^^oTj^ 
«nfinned accortlng to the method of Example 1. Three Independent hoWes. " glf^ 

SrAlTand PSTA15-1. were further analyzed by restrfcBon m^iplng ^T^J^^V^ 
^TA1.3 contTn an Identical C. albicans DNA insert white pSTAIS-i contains a possiWy diftervrt C. 

6 ^^,Sw^SA27.1 was Introduced by transfom«tion (to 0t al, dted above) »^ 

cerevSie strins. one strain (genotype: o. teuZ-. hist), a second *^2^<>^]'' ola.^ 
^n (0 n otvpe- a Ieu2. hisl). The same thwrstrSw were also transformed wHh the parent vector plasmw 
S^a^iTany^bl^ wquences. The growth of all six transfom»ed drains was te«ed on comptete 
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(YEP) medium containing 0^% mattoofigossKhtfWM (Mof) (Ptanstiel • Laboratories Inc.) as the sofe 
cartx)n source. 

This compound. Mos. consists of a mi)rture of glucose polymers frnked by alpha- 1,4-Qlucosidic bonds, ft 
is devoid of glucose, maltose and maftotrfose. and thus consists of higher order oTtgomers which cannot be 
used as cartxxi sources by Saccharomytes cerevtsiae strains. IHi Is due to (he fact that 1) these 
polysaccharides do not enter S. cerevisiae cells and 2) S. cerevisiae strains do not secivta an enzymatic 
activity (amylase or glucoamylase) capable of degradk^g As extraceUuIarfy. 

While all three strains transformed with plasmid YEpIS failed to grow on Mos containing medium, the 
same three strains carrying ptasmid pSTA27-l. as wefl as C. albtemns strain 792-1 (courtesy of J. Kwon- 
Chung. NalL Inst Health. U.S A) grow well on this medium.This result Indicates that the C. albicans OUA 
fragment cloned In pSTA27-l carries a gene encoding an enzyme capable of degracSng Mos Into e usable 
carbon source. 

This gene is expressed In S. cerevisiae . and Its product Is secreted into the oAure n^etf um. 

In order to confirm the eiq^ession and secretion of the C. albtons glucoamylase by a 8. cerevisiae 
host transformed therewith, the culture media of all six transfomwd S. cerevisiae strains, as well as that of 
C. albicans strain 792-1. were tested for the presence of glucoamylase activity according to the method 
described by Searle et al.. FEMS Microbiology, t-etters. ill, 211-212 (1981). H was found that while the 
culture media of S. cerevisiae strains transformed with YgpTs was devoid of any detectable glucoamylase 
activity, the cultuTe media of C. albicans strain 792-1 and that of S. cerevisiae containing pSTA27-1 
contained appreciable amounts of glucoamylase. In fact, it was found that S. cerevisiae strains carrying 
plasmid pSTA27-1 seaate 15 to 30 fold more glucoamylase activity into their culture medium than does C. 
albicans strain 792-1. 

— The glucoamylase activity secreted by S. cerevisiae strains transformed with pSTA27-l was further 
characterized and compared to that secreted by C. albicans strain 792-1 In the fbjiowing manner 

a. The pH optimum of the enzyme secreted by S. cerevisiae strains was determined to be between 
4.5 and 6.0 and is identical to that of the enzyme secreted by C. aibtcans, 

b. The temperature optimum of the S. cerevisiae seaoted enzyme was found to be 60 C and Is 
identical to that of the C. albicans secreted enzyme. 

c. Aliquots of the culture medium derived from an S. cerevisiae strain (genotype: o. Ieu2. hist .), 
described above, transformed with either YEp13 or pSTA27-l and of C. albicans strain 792-1 were analyzed 
by SOS polyacrylamide gel electrophoresis. A difhise protein band of a molecular weight higher than 94K 
dalton is present in the above-described S. cerevisiae strain transformed with pSTA27-l medium but absent 
from medium derived from that strain transformed with YEpl3. A similar. If not Identical, protein band is 
detected, although in much lower amounts. In medium derived from C. att>icans strain 792-1. 

Taken together, these results indicate the fragment of C. aibtcans ONA cloned in pSTA27-l canries a C. 
albicans gene encoding a glucoamylase that this gene is expressed In the yeast S. cerevisiae , and that the 
product of this gene is secreted into the culture medium by S. cerevisiae cells. 

Examples 6 and 9 report the isolation and use of several C. alficans replicator regions that support 
autonomous replication of recombinant plasmids in heterologous host S. cerevisiae microorganisms. 

EXAMPLE 8 - TRANSFORMATION OF S. CEREVISIAE WITH A RECOMBINAirT Pl^MID CONTAINING 
A 6. ALBICANS REPUCATQR REGISn 



A. Materials and methods 

Escherichia coli strain SF, (C600. leuB. ttjr. pro. Bl. rjf . mk-. recBC-, lopll. Jg*) {Cameron et al.. 
PNAS, USA. 72,1Rl 6-3420 (1975)]. was used for bacterial transformation and propagation of plasmids, 
Kc5Sa""^"grown on LB (rich media) or M9 (minimal me<fia) eupplemanted u required ((Miller. 
-Experiments m Molecular Genetics-. CoW Spring Hartw Laboratory, New Yoric, 431-433 {1972)J. Sac; 
char omyces cerevisiae strain 483 (genotype: a, leu2-3. leu2-1U his4-519. cania) wis used as host for 
yeast transformation. This strain was obtained from MichaeRjuIbertson, Unlveraity of Wisconsin. Matfison. 
Wisconsin. Yeast cultures were grown on YPQ (rich media; 1% yeast extract 1% paptone, 2% glucoee) or 
YNB (minimal medium; Difco YNB) supplemented with histkfine (2 ugAnI) and leudne (2 ugAnI) as required. 

Plasmid M851 [Gorman et al., Mol. Gen. Genet. . 183 . 306-313 (1981)] was employed. C. albicans strain 
792-1 was used as the source of genomic ONA. 

Covalentiy closed circular plasmid DNA was prepared from M9-glucose grown E. cultures amplified 
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10 



vrith ehtor«nphenicol. DNA was «dr«cted and purtHed by . dMfWl ly««la tBchniqua essantially as 
dnseribMl bv Ciewall. J. BacterioL. 110. 687-676 (1872). 

^Ste £ 3r5te4l3-pSS?ai!3?.. used for yeast transfonnatlon and pcOmlnary gel analysis. we» 
^T^rtSiSoZt rtambolm and Ooly. Nud. Adds 7. 151H523 (1979). T«, mlo»b^rtJ 
SS.1So« .Xyl«W«l 1-2 uo of crude pl£mi3 BRaT PoTr^d ^^reenlnoonb^ l«n,fbm»nts 
for ttis OMsence of plasmld. single colony minHyaates. prepared by the same method, were used. 

tettlDf^lA^mS. cerevWae. the tmall scale method of Sherman et aliened above. 

'^rSSofiAw.ap.epr^JbythemrthodofKobyet.l-iMoi.BW^ 

XD aeTanalysis and hybridization procedures employed were accofding to the 
dted XeTeoB were transformed using the caldum*eat shock mrthod. as «»o«Hid by 0^»«a 
BlochGene-e:S-28 (1979). The procedure used tor yeast transfomuJton was estenbaHy as desrtbed 
hT^mTFlituTe 275 104-109 (1978). using ^glucuronktesMulfatase (Sigma) for spheroplast tomwUon. 
SLlSrexSpSS?; ffiit a lower concentratloo of plasmld DNA (05 -1.0 ug per 10» apheroplasts) was used. 



r« 



B. Results 



JO 1. Plasmld Construction 

Total Candida DNA. digested to completion with restriction eodonudease Pstl. was mixed wHh Pstl-ait 
M851 plaSSidTNA at concentrations estimated to give maximal recovery of ptaw.id3 «>nta,t^ Cwdig 
hserts by the method of Dugaiczyk et al.. J Mol, Biol.. 96. 171-184 
25 oZudeoUde ligase. This precedure Inserted tt^ WiA ETugaTon Into the unique Pstt site of M851. The 
S2S?mWu« was used to transform E coli strain SF8 to leudne prototrophy. l*u transformants w.™ 
screened for. ampicillin sensitivity. CTteTJCption of the amp^gene by an inserted fragment !«" 
or;,J« rJ^stance. Thus amp' colonies (5.8% of theTeT bacterial transfonwjls) were selected « 
presl^nably harboring plasmlds containing sequences from Candida. These hybnd plasmlds were des- 
w ignated pCA followed by an isolate number. 



2. Transformation of Yeast 



« Plasmlds containing a yeast replicator sequence transform yeast at high frequency, reflecting autono- 
mous "pHcation of JpJmid in the eucaryotic cell. H the plasmld l.«*, a functional «P«=«^ » -J 
Wmsform but at a low frequency. Presumably, this low-frequency rtable '^'T "2?h,^Somi 
of the plasmid Ieu2* gene into chromosomal DNA by homologous recomblnat«n. «Cw^ ^TT^r^ 
«pncators are raionai In yeast hybrid plasmids containing them might be charact5?Sdiy the ability to 

" '~^?:S;rl4rplA7«""r-w^^^ .ndiv.dua..y tested for ^eir abiHty to tr«„fom, J2u2 i^S^^^ 
Leu* Five of the lorty-one pCA plasmids tested showed high frequency trans1om»ation These results 
Indicate that such plasmlds can replicate autonomously In S. cerevlslae. 



46 
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3. Detection of Plasmld DNA In S. cerevtsiae 

H high frequency transformation indicates the presence of a Candida ••^'-^-^f l^f*]^ 
plasmSl repn«tion rt should be possible to recover covalendy ciSSdTUcular molecules from the unstable 
teu* yeast transformed with DNA from the pCA plasmids. ^ ^, . main* 

Total yeast DNA was extracted from parental and transfomned yeast strains. ••«5tn»^»f^" 
aflamToirSd transferred to nltn>cellulose paper. The DNA was then hybridUed wHh^Oed pBR322 
^^ms^b^t^o homdogy with yeast diromosomal DNA. The DNA from fr«»formed ««te«s w» 
KSe^TnSTnu*^ ««e« Ind hyUl»d with P«-tabelW pBR^ ^J^^^^^ 
STprebe could be detected In extracts el S. ceievisiae transfomwd wHh one of the ^J^^T^ 
5SnrS?h5Siu.ncy transfom«ton. as weH al^^Hh^d plasmld pYP42 (Qom,«, et 1, dted above). 
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4. Trmsfofmation of E. CoO wfth Yeast PlasmM DMA 

The yeast plasmid preparations analyzed by hybridizaflon techniques were also examined for abiBty to 
transform leuB. E coll to Leu*. Bacterial cokxues selected on leudne deficient medium were screened for 
the presen^fTlwnid by agarose gel electrophoresis of minMytates. The five yeast extracts that wm 
shown to contain plasmids by hybridization have rise to Leu* & »8 that contained ptasmid DflA. Plasmid 
ONa of one of the five high frequency transformation pCA plasmids was compared wfth the pUsmId Isolated 
from E. con following transfer through the S. cwevisiae host The plasmids. co ntaini ng a 4X> Idtobase pair 
(Wjpj'ZJ. iBcans Insert were found to be WenfiST 

^ OtfMr replicator regions of Candida useful k\ the autonomous mabitenanoe of plasmids ueed to 
transfonn Saccharomyces can be isolated accortSng t9 the method of Kawamura at al., cfted above: Hsu et 
aj.^ cited above: or fiknomirova et al.. cited above. Plasmids containing such repBcator regions can be 
prepared accortflng to the method described in this Example. 

EXAMPLE 9 • TRANSFORMATION OF S. CEREVIStAE WTTH A PLASMID CONTAIWINO A C. ALBICANS 
?SpneAtgR'l^^6<itN AND A <r ALBl5AN§T0DING SEQUENCE 

A plasmid containing a C. albicaas replicator region and a C. albicans coding sequence can be 
prepared by combining the methods of Examples 1 and 8. Such a plasmid can be used to transform S^ 
cerevisiae according to the method of Example 1. and expression of the C. atolcans coding sequence by 
the transformed S. cerevisiae host can be detected according to the method of Example 1. 

Genes for giucoamyiases from mouse (Thomsen. 1983. Carlsberg Res. Commun. . 48:545), wheat 
Asperigillus (Innis et al., 1985. Science . 228:21). and S. dlastaticus (Yamashita and Fukui. 1983. Agric. Biol, 
them., 47:2689) have been shown to be secreted into"the rr^edium when expressed in S. cerevisiae . When 
produced by .C. albicans or by a transformed S. cerevisiae host the C. albicans enzyme gh^oamylase Is 
excreted into tfie medium. It has now been found that the C. aibicans^ glucoamylase gene, also called the 
STA gene, isolated as described In Example 7 provides ONA sequences for a novel promoter and a signal 
peptide which functions in protein secretion. The use of a signal peptide for secretion of a cytoplasmic 
protein is disclosed, for example, see Silhavy. et al.. U.S. Patent 4,335,336 Issued June 22, 1982. This 
glucoamylase gene signal peptide can t>e used in a system for secretion of native or heterologous proteins 
expressed by Candida . Saccharomyces or other yeast cells transformed therewith. This expression system 
targets the heterologous protein to the secretion pathway leading to post- or co-translational modifications of 
the synthesized protein. 

Both the promoter and signal sequences of C. albicans glucoamylase gene are identified in Fig. 1. Fig. 
3 illustrates the signal peptide alone. The signal sequence enables the targeting of the heterologous protein 
to the secretion pathway. Thus. It may be used in an expression system to enable secretion of a 
recombinant protein into the culture medium whether under control of Its own promoter or under control of 
heterologous yeast promoters. 

The following Examples 10-13 demonstrate a variety of uses of this hwtional DNA sequences of 
Candida albicans, e.g. the use of the C. albicans promoter and signal sequence to express and secrete a 
heterologous protein in S. cerevisiae and the use of the C. albicans signal sequence with other yeast 
promoters for such expression and secretion. 

In general in these examples E, coli vectors are constructed which allow Inframe translational fusion of 
heterologous proteins or peptides to the promoter/signal peptide region of this glucoamylase gene. These 
hybrid gene constructions, (e.g.. glucoamylase promoter and signal peptide regions or the signal peptide 
under control of another yeast promoter) fused to a heterologous gene are then transferred preferably Into 
E. coli/Saccharomyces shuttle plasmid vectors for transformation Into yeast cells. 



EXAMPLE 10 • EXPRESSION AND SECRETION OF HIV-1 GP160 UNDER CONTROL OF C. ALBICANS 
SUjggAMYlASg f>f^QM6tER/5i5NAL PEPTiDgfCRiSN lfTg rgSREVISlAg 

An expression system employing the C. albicans glucoamylase promoter and signal peptide has been 
employed to produce the viral nvelope glycoprotein gpl60 of the HIV-I vims. gpl60 is one of the antigens 
of Interest for use in pot ntial AIDS vaccines and therapeutics and can be used as a dagnostic agent for 

detection of HIV infection. 
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A. Construction of E coll ptosmM v»ct0f3 

P «nii oi«mid 0UC13 [J. Vter. M tl.. Gene. IBiSMS (1882)1 was Dnesrized by coKligestlofl «f«h 
„stn%iS^eS?r« S «i Hindi... The OnelJSJd pTwrnid w« BflMed to . Tjsl ;» ^B. D^'^Q™^ 
^!«^^teno^ Tial-trFhu4Hl DNA fraflnient comprtsino the promotef and signal peptide tegton 
7^ 0^'^ STAoSne (encoding the '^^^'J'^^' ^^troa. 
tte cloned ge"Srrhe SSaSotTdoMquence ol this DNA fragment te shown m Rg. 1. 

A synthetic double stmnded oPgonocleotide having (he following sequence: 

mu4HI Bqlll Hindi XX 

CGCICCAGATCTA 
CGA6GTCTA6ATTC<3A 

.« floated to the Teal to Fnu* HI fragment described above. The product of this »0««0"- j" JmI to 
M^.°SS El^af.^ gSTpuriflcation. ^ HseH ligated to the A^I/MndU. dlge«.d pUC13 DfCCrh. 
S^^«^^"'»<1 '° coH strain MM294 (av.lW.te ISS the America, Type Cu«ure 

^'So"mfaS''w?e'!ere5Jfon'1^'i^ .mpiCim pUt„ «,d anaVzed by colony t.«ar hybridation 
uai JTSlSl^ pVti corLwng s^uences homotogoo, to the Tsgl to Fnu4Hl fragment Plasmid 
Of^Jorj^Sirimistormants was subjected to restriction efSyme and nuci«>tide sequenong 
^wlT-^^ll plasmid resulting from these analyses pTJ-lB (pRIT13048) contains the entire 
Sfer' rIJiontf^y.«?STA gene. !s well as the ONA sequence coding for the first 22 NH, termUjal 
Sr.^ro;l^.uco«nyi«e%ln. which represent 

immediately following the signal peptide cleavage site, a unique Bglll restriction cleavage site has been 
Introduced as part of the synthetic oligonucleotide described above. 

Ctoning of the coding sequence (or part thereoO of foreign genes Inter fte Bg^ll srte n ~ch a "» 
to i^Sti reading frame of both the signal peptide as well as that of the foreign protein pern^Hs once 
L^^ucTlT transferred Into a yeast plasmid and introduced Into yeast cells, the expression of the 
r^TgtTv^Se B^-^y^se ST^ g'ene promoter «,d the targeting of the foreign protein to the 
secretion pathway via the glucoamylase signal sequence. 

B. Oonlng of the HIV envelope plycopfotein (gpl60) coding sequence In a yeast vector 

A oenomic clone of the HIV variant BH10 (L. Rattner et al.. Native. 313:277.284 (1985)] J 
wah rlSS^«^m>e$ Asp718 and XbaL An Asp7l8 to Xba. oTiATragment of approximately 2550 base 
;2s^t^ OTgmenTTncompaiserthe coSing seque-K. of ^^^^^^ 

S^60 (the env gene), starting at amino acid Val 42 and extends Mv«al ^'^J^^^'^^^J^ 
!an$lational-iror«xlon (TAA) of the env gene. This fragment was treated with Mung bean nuclease 
according to Maniatisetal..clted above to render it blunt ended. «^w,„„ Bol .1 

Plasmid plT.18 (pRlTl3046) described above was linearized by digestion wItt, «»^°" •'^^^ 
.rented with klenox S>lymerase 1 in the presence ot d«,xynucl««lde tHP'^^P^'' 
^Torotrudino 5 ends The fragment and plasmid were Bgated using T4 ONA Igase. E. coB 

' b^sis'vw'th r.iga^ 

enzymes and ONA sequence analysis was perfonned on plasmid ONA extracted fnxn selected transtor 

"*?;ese analyses allowed the selection of transformants containing plasmid pTi-iajplSO (pRlTl3047) 
TWs^mWcSSna HIV env gene fragment defined above, fused In frame to the 8TA gene a^gnal 
' ^t^o lTciSeTbyl-TTA gene promoter ^^^^ 

HSJJIlt junction between the sigS2 sequence coding region «k1 the env gene coding eequwice Is 
provided below. 
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GCC GCT CCA GTA CCT 
Ala Ala Pro Val Pro 
t t 

glucoanylase signal BgllII/A»p 718 Junction 

peptide cleavage site 

Tha f»lev»Tt part of pitsmid pTna/Qpl60 (pRTTlW?) wns trantfarred Into a yaaat vactor In tha 
fbOowing wcy. TTw ptaomid was digestad wth rastriction •mymBS Xbal and EspL An Xbal to Espl DNA 
fragmant of appronmatefy 2950 base pairs was gal purified. This fragment containa (starting at thelSaJ sita 
and procoeding. towards the Esp l site) the fofiowing etomenli: 

a few t>8se pairs denvad from the poly linker sequence of ptasmid pUC13; 355 base pairs rapresantlng the 
STA gene promoter; 66 t>ase pairs coding for the signal peptide ol the gbicomytase protein; the coding 
sequence of the ^ gene desciit)ed earOer (starting at VaJ 42 and ending at iU natural TAA transtadonal 
stop codon). followed by 70 base pairs of untranslated 3' flanking sequences. 

This DMA fragment was treated with the Ktenox polymerase I enzyme In the presence of dNTP*s to fili 
In 5 protruding ends. The fragment was ligated to a yeast vector containing the components shown in Ftg. 
2 except for the expression/secretion cassette for thie env gene, previously digested with Sail and treated 
with Klenox polymerase I and dNTP's. The ligation mix was transformed into E, coii. Ampicillin resistant 
transform ants were screened by colony filter hybridization. 

Plasmtd DMA extracted from selected transformants was analyzed by restrictton enzyme mapping and 
ONA sequence analysis. Plasmid pQUG3/gpi60 (pRlTl3049) resulting from this analysis contains the 
expression/secretion cassette for the env gene immediately folk^d by a yeast transcription termination 
sequence derived finom the 2iim plasmid gene 0 (A. Sutton et al.. Mol. Cell. Biol., 5:2770-2780 (1085)1, and 
is diameter -in Fig. 2. Plasmid pQUG3/gpl60 (pRITl3049) wasln&oduced into a S. cerevisiae strain 
(genotype: Mal a. ura3 Ieu 2 adei glni) by transformation. Yeast transformants were selected for their at>lllty 
to grow in the absence of glutamine. 



£; ^''^^sion of the HIV env gene in yeast and localization of the gene product (gpl60) 

Yeast cells of the S. cerevisiae strain (genotype: Mat a ura3 Jeu2 adel ginl) transformed with plasmid 
pQUG3/gp160 (pRrri304g) were grown in selective medium. The cells were harvested at late k>garithmic or 
early stationary phase, washed in phosphate buffered saline (PBS) buffer (25 mM NaPO*. 150 ml^ NaCI. 
pH 7.4} and resuspended in PBS and ImM phenylmethylsuHonyl fluoride (PI^SF, Sigma) at 1:10 to 1:20 the 
original culture volume. 

Cells were fysed by vigorous vortexing in itie presence of glass beads. The broken cell suspension was 
centrifuged at k>w speed (lOOOxg. 10'. 4*C) to eliminate unbroken cells and cell debris. The supernatant 
was retained and represents the crude cell extract (C). An aliquot of fraction C was centrifuged at 3(X)00xg, 
for 1 hour at 4*C yielding a coide membrane pellet (Pl-30) and a supernatant (Sl*30) representing the 
soluble cytoplasmic fraction Fraction Pi-30 was resuspended In PBS with ImM PMSF buffer and extracted 
with Triton X-100 at a final concentration of 1% detergent. The detergent extracted Pl-30 fraction was 
centrifuged at 30000xg for 1 hour at 4*C. The supernatant fraction (S2-30) was retained. In addition, 
altquots of fractions C and Sl-30 were extracted with 1% Triton X-100. 

The vartous samples resunmg from Ms cell fractionation scfteme were assayed for ttie presence of 
material knmunologically reactive to antibodies directed against tfte viral envelope glycoprotein. In this 
analysis various EUSA sandwich tests were used, utilizing a variety of commercially available polyclonal 
and monoclortal antibodies directed against portions of the gpl60 protein, the exterrul gp120 
glycoprotein and/or Its internal gp4i moiety. In some assays, human sera derived from AIDS patients were 
also used. Material reacting vrith both anti gpl20 as well as anti gp41 antibotfes was detected In fraction C 
(crude cell extract) only following detergent extraction, Indicating e}9)res8ion of the env gene and synthesis 
of gpl60 by the tested yeast strains and suggesting association of the synthesized protein with ceOular 
lipids and/or membranes. Approximately 80% of this cross reactive material is recovered In the detergent 
extracted sotubiiized membrane fraction (S2-30) confirming the association of Wis material witti cellular 
Gpids and/or membranes. The reactivity of this material to both antf*gpl20 as well as antl-gp4l antibodies 
suggests that most if not all of it is in the form of unprocessed gp160 precursor protein. Analysis of this 
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material by ImmunobtottinQ confirnw this hypothesis. 



D. Detection of HIV gp 160 in a crude membrane extract 

Piactkm 82-30 was analyzed by capture EUSA fer the presence o» HIV-env antieenie sites. A sheep 
artlbody to a synthetic peptide of HIV 8p41 (Blochrom #07323) was absorbed to NUNC hnmunoptato I 
mtootter plates at a coTKeritratlon of Suoftnl In PBS: 50 uAnId antibody was ta^^ C. 
■me plates were washed by 8 (oW replacement of the content of each weB w»i PBS and 0.1% Tw^n 20 
and bwubatedwtth loom of saturation buffer (PBS + 0.1% Tween 20 ♦ 1% bovine senim albwnln ♦ 4% 
IJiborh calf semm) for 1 hour at 37- C. The plates wwe l»»fl washed as ab<^^ 
were Incubated with serial dilutions of 82.30 m PBS ♦ i% Tritoa FHly m of antJQen were hcub^dtor 2 
hours « room temperature. The plates were washed as above and Incubated with • monoclonal an^^ 
HIV ap120 (Dopont #9284^54). A concentration of 1 uMml of antibody In saturation buffer 
rJ!5 weri hSibated fbr 1 hr at 37' C. The plates were washed « described and the bindng of tl|e 
monodonat anti-HIV op120 antibody was revealed using Wotln "^Iti;!""^ 
(Amersham RPN 1021) and streptavUfl^peroxydase complex (Amersham RPN 1051). according to tt» 
manufacturer', instnjctions. The titration curves obtained indicated the presence of HIV env gene antigenic 



sites. 



E Optimization of HIV gpi60 yield 

The protein gp 160 was produced by batch fermentation of the S. cerevisiae strain (genotype: M«« 
ura3 leu2 adel ginl) containing plasmid pQU63/gpl60 {pRm3049) lasting 25-30 hours In a standanl sdr^ 
tSik TSsenSaFmained at 30' C. The rich medium (1% yeast extracted 2% peptone, S"*^" • 
was maintained at pH 5.0 by base addition. The inoculum (10% v/v) was grown up for 24 hours on YEP and 

vil^JrSlrth rapid and was measured by reference to its Optical Density (O.D<ao) at 650nm. The 
maximum doubling time during exponential phase was approximately 3 I)?""- 

During the exponential growth phase. gplSO was synthesized rapidly and was measured after approd- 
mately 12 hours of growth using capture EUSA as described above. Synthesis • j< 600 

ug/ml of fermemation broth at approximately 20 hours, whereupon a rapid de«dine «>^60 was detecto^^ 

The onset ol the decline gpl60 concentration coincided with the depletion of substrate 0«tactose. 
Galactose metabolism was followed Indirectly by mass spectrometric measurement (each 20 
the CO, and oxygen concentration in the fem>entor offijas. The exhaustion of galactose was correlated with 
the rapid decnne of % COj in the fermentor off gas at approximately 20 hours. 

Thus, harvesting the culture shortly before the decline of % CO, m the fermentor may be crua.l for 
obtaining a good yield of gpl60 in S. cerevisiae. 



F. Purtfication of gplSO and micelle preparation 

One volumes of transfomwd yeast cells were ground In a Oynomil apparatus \^f^'»'^ 
volumTof buffer consisting of 2SmM phosphate pH J^^^^ ^^t. 
ethylenediamlnet-traaceuc add (EDTA) and ImM PMSF (B««t A). "IJ. fj^^^^SS^ 
mm at lOOOxg and the pellet consisting of unbroken cells and cells debris Is discarted. The "P*™^"* 
Ttj; c«nSfl*d 30 Z. at 30000xg and the peDet Is extr^rted 'Jfl* Triton ^'^^^^^^ 
volume of bZ K After centrifugation at 30000xg (30 mln) the gp160 ««ta.nh|g ^ tn«tod 

STaoiT PolvethylenefllycoMOO to predpitate gplSO. The PEG pellet U disaolvad in 60mM Tris bufferpH 
;5^Sniri5Si^ TritSn X-100 and «,pplemen.ed with li! Map and 4M g«««ine 
HO. This solution is uttracentrifuged In a Titanium 60.2 Ro^ ^ifj^l^.. PBS 

The gpieo containing tractions (detected by capture EEaa as above) are P«»^' f^^^^^"* 7* 
a,^ y^ntSed on an Amicon 8M-50 «ltr«nembrane. Oi.iy|;^160 ^^^^^"^^^^ 
40% Sucrose gradient and centrffuged In a SW 41 Rotor at 40.000 rpm ovwlght n^"« ««^n9 
(radions that become Eliss posHh^e after Triton treatment are pooled and used for 'T^*"^ 

TO^TeS synthesized HlV-gpi60 em^lope glycoprotein obtained vta O""""^ 
«p«»sior»/secretion system of the present Invention has potential as a vacdne candidate. The post- or co- 



17 



EP 0 362 179 A2 



trinstationtl modifications allowed by this expression system effect tt>o tertiary structure of the protein, 
which may. in turn, ffect the induction of i relevant Immune response, since a sionrficant pari of the 
antitxKJy is directed to conformational epHopes. The high cysteine content and the frequ nt occurrence of 
potential ^HInked glyoosylation sites in gpl60 suggests the formation of cfisulfide t)Hdges and the further 

6 rrujdificatjon of antigenic properties of the moiecule t»y gfycosytation. Thus targeting ^ gp 160 to the 
secretion pathway in an expressk>n system using the gbicoamytase signal peptide yields a molecule that 
appears to be stnictunliy and antiger^ly more related to the rMv% envetope glycoprotein spike. Those 
stnctural features of the env-gp160 glycoprotein obtained via the «Mpreaston system of the presertt 
invention are lacking in the envelope protein expressed via non-eecrstkxi systems In yeast (see. e^., PJ. 

ro 6arr et al.. cited above] or in & coli (see, e.g^ SJO Putney et aL, Science. 234:1382-66 (1986)]. 

For example, in this expression system, the yeast synthestzed^gpllSTremains unproce sse d into its 
gpi20 and gp41 glycoprotein components. Thus, both proteins renuki membrane associated. This is unfike 
the situation reported in mammatian cells [see. e^.. M.P. IQeny et aL Biotachnotogy . 4:780-795 (1986)] 
where the deavage between gp4l and gpl20 results In (fissodafion of the two nvolecules and release of 

IS most gpl20 molecules in the culture supematsnt The assodatton to cell membranes via a hydroph^>ic 
transmembrane regkm of gp4l can ser/e for tt>e lncorporatk)n into particulale structwes such as mfceHes. 
Into liposomes by assodation to lipids or into Immunostimulating complexes OSCOMS) by assodation to 
the detergent quit A. This can increase the lmmurK)genidty of the molecules, both by the edjuvarn 
properties of liposonr>es and ISCOMS and by allowing an oriented presentation at the surface of these 

30 structures, similar to the viral surface. 



EXAMPLE 1 1 * EXPRESSION AND SECRETION OF TGF-o 

A. Construction of t>asic yeast expression vectors 

The plasmids used to constmct vectors for TGF-o secretion using the glucoamylase signal sequence 
are based on the high copy yeast shuttle veaor pYSKl02 (Rosenberg et al.. Genetic Engineering . 8:151 

30 (1986)]. All contain an 823 bp EcoRI-Pstl fragment of the yeast trpi gene (Tsumper and Carbon. Sene . 
10:157 (1980)]. which provides a selectable marker, a 2.0 kfo EcoRT^Pstl fragment of the yeast 2-micron 
circle. [Hartley and Donaldson. Nature . 286:860 (1980)] which provides an origin of replication in yeast a 
portion of pBR322 pn "Cloning Vectors*. Pouwels, Enger. Valk. Eds., (1985)] which provides for replication 
and selection in E. coii and a yeast promoter-termtnator module inserted t>etween the Hind 111 ar>d Bam HI 

OS sites of p6R322. The~p6322 sequences t>etween BamHI and Pvull have t>een deleted. 

The promoter empk>yed in these constructs is either a 431 t>p 6amHl*Rsal fragment of CUP1 [Karin et 
al.. PNAS USA. 81:337 (1984)]. derived as a BamHI-EcoRi fragment from pYSK12 [Butt et al.. Proc. Natl. 
Acad7 ^."USA. 81:3332 (1984); Rosenberg et al.. supra: Gorman et al.. Gene. 48:13 (1986)] or a 1.1 kb 
Tdh3 promoter sequence [Holland and Holland, J. Biol. Chem. . 255:2596 (1985)], derived as a BamHI- 

40 ScoSi fragment from plasmid pYSKiS lRosenberg"et al., supra; Gorman et al., supra). The transcriptional 
terminator is a 361 bp KpnI-Hindlll of the (CYCl gene (Smith et al.. Cell. 16:753 (1979)].^ 

A synthetic linker, with the sequence 5' GAATTCT- 

CCSAGCCATGGCCAGTCGACGTAGTTAAGTAGGTACC 3' is present In the regton between the promoter 
and the CYCl tennination fragment. This synthetic sequence contains the unique restriction sites Xhol . Ncol 

45 and Sail upstream of translational stop codoru in all three reading frames. 



B. Construction of pYSK140 and pYSK142 

so The site of signal cleavage of the glucoamylase gene was determined by amino terminal amino add 
sequencing of the secreted glucoamylase of Example 7. The DNA sequence of the s' end of the 
glucoamylase gene coding region and the con-esponding amino add sequence, with the alts of proceed ng. 
is shown in Fig. 3. A synthetic oligonucleotide sequence corresponding to the stgnal sequence and flanking 
nucleotides containing restriction enzyme sites was synthesized. This sequence Is shown In Fig. 4. 

55 Asterisks above the t>ases indicate charges made to introduce restriction endonuctease deavage sites. The 
signal sequence ends after the last asterisk. This double starxtard fragment was inserted in the basic 
vectors described above which had been cleaved with Xhol and Ncol to give pYSK140 (CUPI promoter) bi\6 
pYSKI 42 (TDH3 promoter). 
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The current aynthetic ghicoamylas sigoal •equanca conUins the codoru for the amino adds Asn Ata 
Ala Pro at th« 3' and to provide the processino iHe (see Fig. 3). The presence of the Iwo amino adds Ala 
and Pfo at the 3' aid of the deavage sfta may be essential for proper deavage. However, this resuitt In 
the presence of two extre amino adds on the s' end of any protein aecreted by utifization of thte signal 
sequence. Plasmids are being constructed which will allow fusions dlrectfy after the Asn Ala codont. 
Seaetion and processing at the s' end of fusion proteins made with these vectors are expected to be as 
useful as the present signal sequence. 



10 C. Corotruction of pYSKISI and pYSK152 

A synthetic ollgonudeotide corresponding to the CONA sequence of the mature human transfonning 
growth factor (TQF-a) [Deryncic et al.. Cell. 3e287 (ISW)! plus adcftttonal bases at the 5 and 3 end was 
synthesized and four conservstive base changes made to provide restriction endonodease sites. This 
IS sequence Is shown in Fig. 5. The Ncol to Sail portion of the TQF-a sequence was Inserted Into Ncol and 
Sail deaved pYSKl40 and pYSKU2 to five pYSKlSI and pYSKlS2 respedNely. The resulting constnjctlon 
provides an Initiating ATQ codon at the start of the glucownylase signal, and an In frame ATQ (Met) codon 
at the start of the TGF*o peptide. 



.50 

0. Expression and secretion of TGF-a in yeast cultures 

Plasmid DNA (2-10 ug/ml) was used to transfomi S. cerevisiae strain F762 (Mata. trpi 1. ura3-52) using 
standard techniques [Sherman et al.. Methods in Yeast Genetics, Cold Spring Harbor, (1986)1 selecting for 

7$ tryptophan prototrophy. Strain F762 was obtained from PNIUp Hunter, Department of Molecular Biology and 
Genetics. Johns Hopkins IVtedical School. Baltimore. Maryland. Cultures of selected transformants were 
grown in YNB (Difco) containing 2% glucose and uradl (20 ugAil). For plasmids utiBzing the CUPl 
promoter, copper sulfate at tOO micromolar was included. Cultures were hanrested In late log or stationary 
phase The cells were spun, and both the culture medium and cells retained. The cell pellets were washed. 

00 broken with glass beads In O.OSM acetate buffer. pH 5.0. and then the suspension centrifuged at SOOOxg to 
remove the glass beads and cell debris. The soluble cell extracts and the culture fluids were then dialysed 
against 2% acetic acid, overnight, using tubing of 2.000 molecular weight cut-off. 



35 E. Biological assay of TGF-g 

The dialysed cell lysales and culture fluids were analysed for TGF-o activity by three methods. 



40 (1) TGF«a/EGF Radioreceptor Assay 

A431 A human epidermoid carcinoma cells (1x10*) were plated overnight In 24^ell tissue culture dishes 
in OMEM containing 10% FCS at 37* C in 10% CO atmosphere. Cells were washed 3 times whh binding 
buffer (Hank's balanced salU solution, 1 mg/ml bovine seaim albumen (BSA) and 10 mM Hepes. pH 7.4) at 

46 4'C Binding buffer (100 ul) containing 1 nm '»l TGF-o and various concentrations of the sample to be 
tested or epidermal growth factor (EGF) standard were added simultaneously and Incubated at 4- C for 2 
hours Cold competition was performed whh a lOOO^oId excess of EGF. TQF-a was lodlnated using the 
chkxamlne T procedure. Cells were washed with tee-coW binding buffer without BSA. The cefls were 
solublllzed for 30 min at 37* C with 0^ ml of 0.5M NaOH. RadioactMly bound was detemtined using a 

so gamma counter. 



(2) Anchorage Independent growth assay 

55 Nomial rat Wdney fibroblasts (NKR-49F) Indicator cells (5000) In 0.8 ml of minimal essential medium 
(OMEM) containing 10% fetal calf serum (FCS) and 0.5% Bacto-agar (Oifco) were mbred with aOquoU of 
experimental samples which had been lyophllized. then dissolved in buffer containing 4mM HC1 and 2 
mgAnI BSA. The cells were added to an 0.8 ml bottom layer of OMEM containing 10% FCS and 0.6% agar 
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In 35 mm tissue aiHure dishes (Costsr. Cambndg . Mass.). PUtes were incubctsd for 9-10 days in 10% CO 
atmosphere at 37* C. Cotoni s fomted %vere stained with p-iodonItrotetrazo(ium violet overnight and counted 
on a Bausch and tomb Image Analysis. System programmed to detect colonies greater than 60 um in 
diameter. 



(3) Radioimmune assay 

Assays were performed using a commerciany available TGF-o FUA Ut (Biotape). according to the 
10 marurfacturers instructions. 



F. Activity in TGF-a produced in Yeast 

ts The activity of TGF^ produced by plasmid pYSKlSI and pYSKl52 In shake fiask cuftures harvested 12 
hours after reaching stationary phase was determined. The maxin\al yiekj obtained In the medium was 
approximately 2 mg/Iiter at 00$ 4 o "2.0. Greater than 05% of the total activity was found In the medium as 
compared to the cell extract 

» TABLE 1 





Estimated TGF-a Activity (ug/lO» 
cells) 




Plasmid 


Medium 


Cell 
extract 




EGF competition tending 
assay: 






PYSK151 
PYSK152 


^87 
2.70 


0.143 
0.135 




Soft Agar 
Assay: 








pYSKtSI 
pYSKl52 


0.718 
0.617 


0.006 
0.005 




Radioimmune 
Assay: 






40 


pYSK151 
PYSK152 


2.31 
2.24 





G. Purification of TGF«a 

Fermentation broth was centrifuged to remove cells, then filtered. The pH of the filtrate was adjusted to 
pH 2.7 using glacial acetic acid, then pumped through a column of Whatman Partisil OOS-3, (column 
cSmensions: 46 x 650 mm packing 40-60 um) at a rate of 200 ml/min which had t>een equlQbrated to 0.1% 
trffluoroacetic acid (TFA). After loading, the column was washed with 2 column volumes of 0.1% TFA, and 
5% l^panolA}.1% TFA each. Crude TGF-o was eluted with 40% li)rop8noV0.1% TFA. 

The eluate (4U) was concentrated In vacuo to remove the Isopropanot. and then lyophlQzod. The powder 
(approximately 600 mg) was redissoived in 3 ml of 1 .0 M acetic add then centrifuged. The supernatant was 
loaded on to a Biogel P-IO column (2.6 x 120 cm)'and eluted with 1.0 M acetic add at 400 ulMn. 
Fractions were analyzed by SOS-PAGE electrophoresis. Those fractions containing TGF-a were pooted 
together and iyophinzed. 

The powder (14 mg) was k>aded onto a Vydac Cu column (10 mm x 250 mm) using a gradient 16% 
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tcatonitrite/0,05% TFA to 26% acetonltrfleA).05% TFA In BO minutes. Frictions wem collactad .and analyzed 
HPLC. Racowy was appfO)dmata!y 30% of total adMty. Three pools cootainino protein ware made and 
were eubmltted for EGF/TQF radioreceptor assay, amirw acid composition, and sequendng. 

AD three proteins were found to be bioiogically active, and varied In chain length at the fWernOnal. The 
a sequences were that of TGF^ (50%). Met-TGF-a (18%). and ©y-Ala-Met-TQF^ (22%). Oomparison of 
amino add composition and receptor bindino assay showed that each had a specific actlvtty of 1.0 EGF 
equivalents. 



fO EXAMPLE 12 - EXPRESSION AND SECRETION OF OJ-^ AND ILI-a 

Human lU-^ Is expressed In a variety of cell types as a large (31 Kd) precursor polypetMlde which is 
processed and secreted as a mature, unglycosylated. btoactive 17 Kd cartxwyMemnlnal fragment Although 
lU-fi is normally secreted. It lacks a signal sequence. 

ff With the same methods of Example 11. the signal sequence derived from the cloned glucoamyiase 
gene of C. albicans in combinatioo with either the Indudble CUPl or coristltutive TDH3 promoter in 
plasmids pV§Rl431nd pYSKl42. was used to direct me synthesis and secretion of human recombinant 
lnterteukln-1 ^ In S. cerevlslae . cONA coding for the authentic mature' form of lU-^ (carried on a Bani 
fragment which was blunt-ended with Klenow polymerase) was fused as descrfbed In Example 11 to the 

» glucoamyiase signal sequence at the unique Smal sfte (see Fig. 4) of the pYSK140 and pYSK142. and 
transformed into yeast 

Each construct directs the efficient secretion of biologically active lU-tf . Greater than 95% of the protein 
expressed is extracellito-. resulting in accumulated levels of more than 2 mg/I as detamtlned by Western 
blotting. Integration ofa single copy of a TDH3 glucoamyiase signal sequence lU-^ expression cassette into 

23 the genome at the URA3 locus on chromosome V of S. cerevisiae resulted in a strain (GL46: MAT^ Ieu2- 
3.2-112 trpH ede2-1 his3-1l.3-l5 canHOO ura3 ILI-^) which secretes approximately 6 mg/t of product 
when grown to stationary phase in shake flasks under nonselective conditions (rich media). The amount of 
extracellular product obtained can be increased by constructing strains containing multiple Integrations 
and/or by growing cells In fed-batch culture. 

30 The secreted iom of ILi-^ in yeast consists of approwmately equlmolar amounts of two protein species 
(17 Kd and 22 Kd). Pulse-chase experiments performed In the presence or absence of tuntcamycin. 
followed by Immunonoprecipitation. reveal that the 22 Kd spedes Is a glycosylated form of the molecule. A 
potential hWinked glycosylation site resides near the amino-lemiinus. The reason for the appearance of a 
mfadure of two extracallular forms (glycosylated and unglycosylated) Is unclear. Kinetic data Indicate ttwt the 

as newly secreted product consists primarily of ttie 22 Kd glycosylated species which may then be converted, 
via either proteolytic cleavage or by an endoglycosidase. to the 17 Kd form. Direct fusion of the ILIB 
sequence to the CUPl Inducible promoter wHhout a signal sequence results in expression of the 17 Kd 
Intracellular form, plus a single 17 Kd extracellular species which accumulates In the medium of low phase 
cultures. 

40 Purified extracellular ILi-^ is presentiy being sequenced to determine the primary signal peptide 
cleavage site as well as any secondary sites ttiat may be recognized in yeast 

Using similar methods to those outlined in Example 11. tt>e signal sequence derived from the ctoned 
glucoamyiase gene of C. albicans , was used to direct ttw synttwsis and secretion of human recombinant 
lnterieukin-1 a in S. cerevisiae. 



45 



EXAMPLE 13 - EXPRESSION AND SECRETION OF B. PERTUSSIS TOXIN SI SUBUNIT 

Pertussis toxin, a promising protective antiger; for potential use as a vaccine against whooping cough. Is 
60 a hexameric protein composed of five different subunits. One of the subunlts (Si) expresses an enzymatic 
activity, which is responsible for ttie toxicity of the protein. However 81 without the ottwr subunits is devoid 
of toxic activities. The expression of the Si gene and the secretion of the recombinant product should 
facilitate production and purification of ttiis subunit wftfwt contamlrtatioo from the other pertussis toxin 

subunits. ^ 

85 The dstron of the Si subunit of pertussis toxin wm expressed In S. cerevlaiae either as a fusion 
protein, witf^ secreted glucoamyiase or as a non fused but processed protein using the glucoamyiase signal 
peptide. 
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A. PlasmW constructs and S. cerevisiae ctones 



A ONA (moment Starting at the second amino acid following signal peptide cleavage site of Si and 
e)etending to the natural TAG tranalatlonal stop codon encoding an almost complete mature Si protein was 
fused, in frame, to the signal pepUde coding sequence of the Candida albicans gkicoamyiase gene. The 
fused codng sequences are preceded by the 5 non coding sequences of the glucoamylase gene faKlutf ng 
the pfomoter and frmnscription imtlaUon sites of the STA gene (see Fig. 1). The expression cassette was 
trmfsned to an E col/S. carevisiae shuttle vector containing the elements of the vector of Rg. 2 minus 
the env exprBS^cassene. yielding plasmid pRITl3072. PtasmkJ pRfT13a72 contains alt the components 
of IhTJector of Rg. Z except that the Si expression cassette replaces the envexpressten cassette, and the 
figation site on the right side of the cassette Is an Xbal/Sal site. Instead of wTfespl/San site. pRrn3072 was 
transfomwJ Into a S. cerevisiae strain (genotype: Mate Ieu2 umS adel gini). A transfomied yeast clone. 
74S.1 (pRm30721, was selected for further work. ^^ ^^.^^ 

A Sau3a ONA restriction fragment encoding 186 amino adds of the Si protein (amino acids 2 to 187 of 
the matureproteln) was Inserted Into the coding sequence of the STA gene (see, f=ig. 1). The Insert was 
introduced at an engineered BamHl restriction site located near the carboxy tenninal end of the 
glucoamyiaae protein. The resuTSI^Tybrid gene should express a fusion glucoamylase-Sl protein. T>ie 
entire expression cassette is carried on sn E. oott^ cerevisiae shuttle plasmid vector similar to the one 
dvcribed above The resulting plasmid, pRlTi3073. was introduced into a S. cerevisiae strain (genotype: 
Mata leu2 ura3 ^1 ginl) and a transformed clone. 745.1 (pRITi3073J. was selected and used for 
subsequent analyses. 



B. Expression 

The SI subunit synthesized in clone 745.1 (pRiTl30721 was readily detectable in Western blots of 
whole cen extracts using anti-pertussis toxin monoclonal antibody 82F8. The electrophorelic mobility of the 
recombinant protein in SDS-PAGE appeared to be similar to the mobifity of the Si subunit purified from 
Bordetella pertussis holotoxin. indicating that the glucoamylase signal peptide is removed and the Si 
subunit processed in the yeast cell. Signal peptide cleavage usually occurs during or after translocation of 
the synthesized protein through the endoplasmic reticulum membrane. The processed Si subunit should 
ihvefore be associated with the crude membrane fraction of yeast cell extracts and/or secreted into the 
cUtur« metSum. Yeast ceii extracts were fractionated by differential cenlrifugation and the different fractions 
analyzed for the presence of Si. The Si subunit was associated exclusively with the Insoluble material after 
a 30000 xg centrifugation of the extracts. The pelleted fractions could be solubilized with 1% SDS or 4M 
urea A number of other detergents (sodiumdecxycholate (DOC. Sigma). Triton XI 00, 3-lP- 
cholamidopropyOHiimethyl Bmmonio)-1 -propane sulfonate (CHAPS. Sigma) and zwitergenj were tested In an 
attempt to extract the Si protein from yeast membrane. None had any significant effect on Si solubilization. 

Negative control and Si containing cell extracts, before and after fractionation, were analysed for the 
presence of NAD glycohydrolase activities. None of the fractions contained significant enzymatic activities, 
but all of them strongly inhibited the NAD glycohydrolase activity of SI. No Si protein could be detected 
by Western Wot or by enzymatic activity analysis, In the culture medium. 

Clone 745.1 (pRm3073 was analyzed for the presence of a glucoamytase-Sl fusion protein (I.e., Si- 
GA protein) Glucoamylase enzymatic activity was tested by measuring the amount of glucose fiberaled 
from the substrate mattotriose at 37^ C. In a leaction buffer containing Imft NaPO*. 1% maltotriose. pH 6.5. 
Si (NATVglycohydrolase) activity was measured by the amount (pmoles) nicotinamide released per minute 
per ml ot medium. The parent vector containing no expression cassette showed no detectable 
glucoamylase or Si activity In culture medium or extracts. The parent vector containing Just a glucoamylase 
expression cassette (i.e. ttie STA gene) showed glucoamylase activity in both culture medium and cell 
extracts, but no Si activity. In contrast the yeast strain carrying pRm3073. the vector containing the 
glucoamylase SI ftjsion expression cassette showed glucoamylase activfty In both metfum and extract and 
61 activfty in medium. Thus. S. cerevisiae cells transformed with plaamid pRm3073 synthesize and 
secrete Into the culture supernatant proteins that express glucoamylase and Sl-apedfic NAO- 
glycohydfolase activities. This result suggests that the enzymatically active portion of Si was successfully 
fused to glucoamylase. synthesized In yeast and secreted into the culture supernatant 

These results show that the S1 subunit of B. pertussis toxin can be synthesized In yeast under the 
control of tiie glucoamylase or STA gene promoter, secreted into the yeast membranes via the 
glucoamylase signal peptide or exported into the culture medium as a fusion protein with glucoamylase. In 
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the latter case fi.e. the fution gfciCoamytase-Sl protein) ttie Si aubunlt is etuymatlcany active. 

C. hnmunopfotective activity 

Two mice were each Injected with 35 S1-QA(pRrri3073) (the Sl-Qhjcownylate fusion protein 
Dreoarad In Example 13. part B from the fransformaUon of 8. cewvisjae wHh pRTTISOTS) Of gtucoamyUse 
SaTh CFA. at day 0. and twice In IFA at days 30 and 68."lheQAand 8i-6A(pRm3073) fusion protein 
used wera txith synthesbed in 8. carevisiae and partaUy puitfM from «• cultin aupwnataitt In a norh 
danaturino manner, such as »»y BfeSESuaSse ehromstogriphy. prtor to the Inieelien fctfo mice, The mice 
wef»bledatday8 64aiKJ75.TheterawereanalyiedlvEUSAforthepresanc»ofantW^ and 
antl^ antibodies, and by Ihe Chinese Hamster Ovary (CHO) Cen assay J* ;^<;,^',^ 

imnurss 24-38) lor the presence of PT neutralizing antibodies. An mice injected w«th-Sf5aA(pRlTi15!^ 
laSTpreieln had Incroased antWT. anti-Sl and antkSId antibody titers. Antibody titara •8«Jn« *•«• 
rnitav^t did not slgnHicantty Increase In the mice bnmunlied with OA. AH mice inject*! ^J^fl-OA- 
toRIT13073) also had Increased CHO ceH neutrafization titers. The arithmetic mean value was 820 for 81- 
QA(pRm3073). These results show that the Sl-QA protein Is sufficient to Induce a neutnlUng and 
protective response, and that such protein Is useful In a vaccine against pertussis 

In a manner similar to the method outlined In Example 13. parts A and B. the Sau3a ONA restriction 
fragments encoding 188 amino acids of the 81 protein (amino adds 2 to 187 ol the mature protein) couW 
bTfused. In frame, to the signal peptide coding sequence of the Candida albicans glucoamytase flene the 
resultina expression cassette could be transferred to an appropnate vector, the resulUng vector could be 
transferred Into an appropriate host S. cerevisiae strain, and the resulting protein could be used in a vacone 
against pertussis. 

EXA»<IPLE i^.PARErfrERAL VACCINE PREPAt^ATlON 

5-25 ug Of Sl-<3A(pRm3073). prepared according to the method ol Example 13. is mixed with an 
aluminum adjuvant, such as aluminum hydroxide, to produce a vaccine In a temi appropriate for incor- 
poration into a parenteral adminisuation dosage form. ^ ««K~4!-,-«t. 

While the above descriptions and examples fully describe the Invention, and the preferred embodiments 
therMf it Is understood that the invention is not limited to the particular disclosed embodiments. 

TTiis invention is not limrted to the genes and promoters of Candida ghren in the examples above. 
Rather, this Invention provides a general method for location Candida gene expression •^'''"O'*"; 
regulatory regions and structural genes as well as a general method for expressing such functional ONA 

teauences In Saccharonnyces. . t ■ 

Further, t he heterotogous genes expressed under control of the C. albicans glucoamyiase signal 
sequence and yeast promoters are not Dmited to the exemplary proteins described herein. One of stall In 
the art will acknowledge the use of the described expression system for expressing and secreting a variety 
of heterologous genes of interest n^^^^ 

Thus, the invention Includes all embodiments coming within the scope of the following claims. 
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1 ' A transfomwd host microorganism of the genus Saccharomyces which comprtses a functional ONA 
sequence derived from the same or substantially the same coding sequence as the signal sequence of the 

C. albicans glucoamyiase gene. ^ ^ 

80 ^VtK; microorganism of Claim 1 wherein the functional DNA sequence comprises the same or 
substantially the same ONA sequence as that of Rg. 3. ,^ ^ , _ 

3. The microorganism of Claim 1 wherein the functional ONA sequence comprwes said signal sequence 

*^The^i*alJ^^ 1 which comprises a functional ONA sequence the same or substantially 

65 the same as the promoter sequence of the C.atoicans glucoamyiase gene. 

5. The microorganism of Claim 4 wfiSrein the functional ONA sequence comprises the same or 

substantially the same DNA sequence at that of Fig. 1. . ^ ^ , ^ ^ . 

• 6. The microorganism of Claim 1 wherein said signal sequence Is fused In proper orientation with a 
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selected heterptbgous gene. 

7. The microorganism of Claim 6 wherein said heterologous gene is selected from the group consisting 
of TGF-a, Interleukin-ltf. Inlerteukin-lo. S1-GA protein, an HIV-I protein or fragments thereof. 

8. The microorganism of Claim 1 which belongs to the species Saccharomyfs cerevisiae . 

0 9. The nticroorganism of Claim 1 which comprises a recombinant plaamid, wherein sald'plasmid 

comprises a repQcator region arid a hmctional ONA sequence derived from the same or substantially the 

aame sequence as the signal sequence of the C. ateicans glucoamylase gene. 

10. A recombinant DMA plasmid comprising a hmctional ONA sequence containing a coding sequence 

the same or substantialiy the same as the signal sequence of the C. albicans gUicoamylase gene. 
10 * 11. The plasmkS of Claim 10 wfterein the hinctlonal ONA sequme comprises the same or sutMtantlaOy 

the same ONA sequence as that of Fig. 3. 

12. The plasmid of Claim 10 wherein the fimctlonal OHA sequence comprises said algnal sequence 
preceded by a yeast promoter 

13. The plasmid of Claim 10 which comprises a functional ONA sequence the same or substantlany the 
IS same as the promoter sequence of the C. albicans glucoamylase gene. 

14. The plasmid of Claim 13 wherein the functional ONA sequence comprises the same or sut>stantially 
the same ONA sequence as that of Fig. 1. 

15. The plasmid of Claim 10 wherein said signal sequence is fused in proper orientation with a selected 
heterotoQOus gene. 

70 16. The plasmid of Claim 15 wherein said heterologous gene is selected from the group consisting of 
TGF-a. lnterleukin-1^. Inter1euldn*1a, Sl-GA protein, an HIV-1 protein or fragments tfwreof. 

17. A method of expressing a functional ONA sequence comprising a sequence the same or 
substantially the same as the signal or promoter sequence of the C. albicans glucoamylase gene which 
comprises transforming a host microorganism of the genus Sac5iiaromyces with the functic^ ONA 

n sequence, and culturing the transformed host under suitable conditions such that the functional ONA 
sequence is expressed. 

18. The method of Claim 17 wherein said signal sequence is fused, in phase, and in proper orientation, 
with a selected heterologous gene. 

19. The method of Claim 18 wherein said heterologous gene is selected from the group consisting of 
30 TGF-a. lnterleukin-1 fi, InterieuWn-la, Sl-GA protein, an HIV-I protein or fragments thereof. 

20. The method according to Claim 17 wherein the host microorganism belongs to the species 
Saccharomyces cerevisiae . 

21. A promoter sequence for use in yeast expression vectors comprising the same or substantially the 
same sequence as that of Fig. 1. 

35 22. A signal sequence for use in yeast expression vectors enabling the secretion of heterologous genes 
fused thereto comprising the same or substantially the same sequence of Fig. 3. 

23. An HIV-I glycoprotein gp160 produced in unprocessed form by culturing a transformed Sac- 
charomyces host cell wherein said host cell comprises a gpl60 gene sequence fused in phase and in 
proper orientation to a yeast promoter and the signal sequence of the Candida albicans glucoamylase gene. 

40 24. The glycoprotein of claim 23 produced in micellar form. 

25. TGF-o produced by culturing a transformed Saccharomyces host cell wherein said host celt 
comprises a TGF-a gene sequence fused in phase and in proper orientation to a yeast promoter and the 
signal sequence of the Candida albicans glucoamylase gene. 

26. Sl-GA protein produced by culturing a transfonned Saccharomyces host cell wherein said host cell 
45 comprises a Sl-GA protein coding sequence fused in phase and In proper orientation (a) to a yeast 

promoter and (b) within the Candida albicans glucoamylase gene provided that such fusion includes the 
signal sequence of the Car>dida albicans glucoamylase gene. 

27. The protein of Claim 26 which is S1-GA(pRm3073). 

28. Sl-GA protein pnxluced by culturing a transformed Saccharomyces host ceO wherein said host cell 
so comprises a Sl-GA protein coding sequence fused in phase and In proper orientation to a yeast promoter 

and the signal sequence of the Candida albicans glucoamylase gene. 

29. IL1-4 produced by culturing a transformed Saccharomyces host celt wherein said host cell 
comprises a ILI-^ gene sequence fused In phase and tn proper orientation to a yeast (mnoter and the 
signal sequence of the Candida albicans glucoamylase gene. 

S6 30. IL1-0 produced by culturing a transformed Saccharomyces host can wherein said host celt 
comprises a ILI-^ gene sequence h;sed in phase and in proper orientation to a yeast promoter and the 
signal sequence of the Candida albicans glucoamylase gene. 

31. A vaccine for stimulating protection against whooping cough wherein such vaccine comprises an 
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Immunoprotectfve «nd non-toxic quantity of Sl-QA protein. 

32. The vaccine of Claim 31 which comprises Sl-GA(pRm3<J73) protein, 

33. A method for InnoculatJng a human against suljsequefrt whooping cough which compriaes adnrUn- 
tetering the vaccine of daim 31 to auch human. 

s 34. 8l-GAprotain. 

35. Sl-GA protein coding sequence. 

38. A recombinant ONA molecule cortprising the Sl-GA coding sequence of Claim 35. 
37. A recombinant DNA vector comprising the Sl-QA coding sec^nce of CWm 35. 
3a A synthetic DNA molecute comprising the Sl-QA coding sequence of Claim 35. 
fo 39. A host cell trarwformed with the Sl-QA coding aequence containing vector of CWm 37. 
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FIG. 1 

Taql 

CGAGGATIATTGTTATTGTT<7rTCX:TACGGACATTTCTCCCTAAXTTACACAJUU;rAC^ 
TCCTAATAACAATAACAACAAGCATGCCTCTAAAGAGGGATITAATGTGTTTCAIGT 

ATAATTCCCCTTTCTTGTTACAAATTAGTGTAOGTATGTAGCACCTGAnAGTrTAXTTA 
TATTAAGGG6AAAGAACAATGTTTAATCACATGCATACATCGTG6ACXAATCAAATAAAT 

TTTATTCATAGTCA6GCCAGAAAGTAATTACCAA6TTTAGTATTTCCGACCGCCCCCCAA 
AAATAAGTATCAGTCCGGTCTTTCATTAATGGTTCAAATCATAAAGGCT66C6GGGGGTT- 

ACAGGAACTTATTCCGAGCAAAAGTAGTTTATCTCCTGTACGAAAAGAAGATGTAATTAT 
TGTCCTTGAATAAGGCTCGTTTTCATCAAATAaAGGACATGCTTTTCTTCTACATTAATA 

TGCTACTAAAAAACAGACAATATAAAAGCCCCCGAAAAAGTAATTGCAAAATTCGTTTGT 
ACGATGATTTTTTGTCTGTTATATTTTCGGGGGCTTTTTCATTAACGTTTTAAGCAAACA 

TAAGAATrtTCAAACCAAGACAAAC CAAA CCAAACCAAACCAAACCAA GAAAA TAT GAAA 
ATTCTTAAAAGTTTGGTTCTGTTTGGTTTGGTTTGGTTTGGTTTGGTTCTTTTATACTTT 

MetLys 



Fnu4Hl 

TTATTATCAAAATTOVTTGTTACTGCTTTGGGTCTTACTTCAATTGTCAATGC 

AATAATAGTTTTAAGTAACAATGACGAAACCCAGAATGAAGTTAACAGTTACGG 

LeuLauSerLysPhelleValThrAlaLeuGlyLeuThrSerZleValAsnAla 



FIG. 3 



AAACO^GAAAATATGAAATTATTATCAAAATTCATTGTTACTGCTTTGGGTCTTACra 

KETLysLeuLeuSerLysPhellttValThrAlaLftuGlyLeuThrSar 

ATTGTCAATGCCGCTCCAACAAGTAGTAGTAGT 
IleValAsnAlaAlaProThrSerSerSerSer 

processing site 



EP 0 362 179 A2 



Pitl 




8TA Glucoamyiasa \ enV gene codhg •tquenct Cgp 1 60) 

gone tignal \ 
promoter peptide \ 
CSP) 



SP cleavage eite 

FIG. 2 



EP 0 362 179 A2 



FIG. 4 

BpaZ 

Xhol * * 

TCGAGAATGAAATT&TTATCAXAATTCATTGTTACTGCTTIGGCTCTTACTTCAATTGTTAAC 
CTTACTTTAATXATAGTTTTAAGTAACAATGACGAAACCCJU^TGiUUnnAACM 
KETLysLauLeuSerLysPheIlaValThrAlaLttu61yL«uThrS«rZl«ValABii 



8mal Hcol 
* 

GCCGCTCCCGGGSC 

CGGCGAGGGCCCCGGTAC 

AlaAlaProGlyAlaMet 



FIG. 5 



Hind III Ncol Ddal 

AAGCTTTTCCATGGTGGTGTCCCATTTTAATGACTGCCCAGATTCCCACACTCAGTTCTGC 
TTCGAAAAGGTACCACCACAGGGTAAAATTACTGACGGOTCTAAGGGTGTGAGTCAAGACG 
SerPheSerMetValValSerHisFheAsnAspCysProAspSarHlsThrGlnPheCys 

PstI SphI 
C . 

TTTCATGGAACCTGCAGGTTTTTGGTGCAGGAGGACAAGCCAGCATGCGTCTGCCATTCT 
AAAGTACCTTGGACGTCCAAAAAGCACGTCCTCCTGTTCGGTC6TACGGAGACGGTAAGA 
PheHlsGlyThrCysArgPheLeuValGlnGluAspLyaProAlaCysValCyaHisSer 

Sail 
Acci 

Drain Hindi 
. G C • • • 

GGGTACGTTGGTGCACGCTGTGAACATGCGGATCTCCTGGCTTAAGTCGAC 
CCCATGCAACCACGTGCCACACTTGTACGCCTAGAGGACCGAATTCAGCTG 

GlyTyrValGlyAlaArgCysGluHisAlaAspLauLeuAlafodValAsp 



